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Superheating by Wire-Drawing. 


HE energy in a pound of steam 
(using the word in a broad sense) 
may be divided into— 

(1) Pressure, or potential energy ; 
(2) Velocity, or kinetic energy; and 
(3) Heat energy, due to its tempera- 
ture and state, whether liquid or 
gaseous. 

If the steam do no work on, nor ex- 
change any heat with, external bodies, 
then the total amount of this energy will 
remain constant, however the pressure 
may vary. For instance, if high-pressure 
steam be wire-drawn down to a lower 
pressure, then the other two parts of its 
total energy must increase. If we further 
know that the velocity remains unaltered, 
then the heat energy must increase by 
exactly the same amount that the pressure 
energy decreases. Hence, if the original 
steam was wet, the increase of heat energy 
will have dried it somewhat, and if origi- 
nally dry it will now be superheated. 

Since the whole of the energy in the 
steam is due to the heat put into the 
original water, it becomes an easy matter 
to express the above facts in symbols. 
Thus, if— 

u stand for velocity in feet per second ; 

Z for latent heat ; 

A for sensible heat ; 

S for dryness fraction of the steam ; 

¢ for temperature of saturated steam at 

the given pressure ; 

7 for the temperature of the superheated 

steam at the same pressure ; 
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X for the mean specific heat of super- 
heated steam between the given tem- 
perature limits ; then— 


2 
S,2, + hy + os total energy 


= S, Ly + hy + 9% 


S28 
where the suffixes 1 and 2 refer to the 
initial and final conditions, g being the 
value of the acceleration due to gravity, 
i.¢. 32 ft. per sec. per sec. In the above 
case the steam is not superheated after 
wire-drawing ; if it is superheated, then 5S, 
is unity, and we have— 

S, 2, +4, + 


2 2 
D =Lythy+ 2 +K(T-2. 


Js J2 

The expression is further simplified if, 
as is usually the case, the velocities w and 
u, are negligeably small. 

This gives us a simple method of finding 
the original dryness of steam by wire- 
drawing it, and observing the amount of 
superheating which takes place. . This is 
the principle of the wire-drawing calori- 
meter, shown diagramatically in Fig. 2. 

Here a large vessel 4, open to the 
atmosphere, is connected to a pressure- 
gauge for reading small differences of 
pressure, and to the steam-pipe with a 
throttling-valve on the connection. A 
thermometer inserted as shown in a pocket 
in A, filled with cylinder oil, reads the 
temperature 7 of the steam as superheated 
after the wire-drawing. The quantities Z, 
A, and ¢ are found by reference to steam 
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Superheating by Wire-Drawing. 





tables, the corresponding pressures being 
read off from the gauge on the steam-pipe, 
and that shown in the figure. 

The value of such a piece of apparatus 
is doubtful. In the first place the steam 
will not be superheated at all if it is very 
wet to begin with. Then, again, we have 
the difficulty of obtaining a fair sample of 
steam. To do so the drawing-off pipe 
projects into the centre of the steam pipe ; 
but it is highly probable that if the steam 
is wet it will deposit much of its. moisture 
on the steam-pipe sides, and hence this 
will not be taken into account by the wire- 
drawing apparatus. The chamber 4 has 
to be fairly large in order to keep the 
velocity very small. Radiation also very 
seriously affects the results. 

The most serious objection to this 
method, however, lies in the fact that the 
value of X, the specific heat of super- 
heated steam, is not yet definitely known. 
A series of careful experiments by Dr. 
Grindley showed that it was independent 
of the pressure, but increased with the 
temperature, varying, in fact, from about 
‘57 at 300 degs. Fahr. to about °7 at 
420 degs. Fahr. Dr. Grindley’s experi- 
ments, moreover, seemed to show that 
dry, saturated steam, as used by Regnault 
in his classical work on steam, really con- 
tained a small quantity of moisture which 
could not be freed from the steam by 
ordinary separator methods, but which 
required heat to evaporate it before any 
superheating at all took place. Professor 
Callendar, using an absolute method, 
however, finds that the specific heat de- 
creases with an increase in temperature. 

As many people have an exaggerated 
notion as to the amount of superheating 
that wire-drawing can do, we will take an 
example. Suppose steam which is 97 per 
cent. dry at 250 Ibs. per sq. in. to be wire- 
drawn to 200 Ibs. per sq. in. Then from 
our first formula (neglecting the velocity 
terms) we see that after wire-drawing the 
steam is only 97°8 per cent. dry, and is 
not in the least superheated. The amount 
of drying that can be obtained by wire- 
drawing the steam through a few pounds, 
as is sometimes done, is negligeable. Wire- 
drawing not merely does very little to dry 
the steam, but it renders it less efficient 
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for use in a steam engine. The amount 
of work which can be got out of a pound 
of steam depends on the highest and lowest 
temperatures used. The lowest tempera- 
ture is fixed by the exhaust, and hence 
the efficiency will be greater the higher 
the upper limit of temperature. Wire- 
drawing reduces this and offers no ade- 
quate compensation. 

This is clearly shown by the entropy 
diagram (Fig. 1), the use of which enables 
one to clearly understand many steam 
problems. Thus, if 4D represents the 
lowest or exhaust temperature, BC the 
original highest temperature, and ZG the 
highest temperature after wire-drawing, we 
have that the area 4 B C D represents the 
amount of work which can be obtained 
from 1lb. of the original steam. The 
area 4 E GH represents the amount of 
work which can be obtained from 1 lb. 
of the wire-drawn steam. But the total 
area MA, BC, K must be equal to area 
MAEG/, hence the area EBCF 
equals the area FG JX; so that evi- 
dently less work can be obtained from 
the wire-drawn steam than from the 
original steam, and even this difference 
is accentuated in practice. 

Another method of superheating steam 
by wire-drawing has been suggested by 
Professor Wilkinson, which depends on 
the fact that when steam expands freely 
without doing external work, then the 
energy which would in other circum- 
stances have appeared on the piston of 
the engine now appears as velocity, or 
kinetic energy in the steam. 

The steam in expanding does work in 
the one case on the piston of the engine, 
in the other case it does the same amount 
of work on itself, this work being spent in 
increasing the kinetic energy of the steam. 
The phrase “does work on itself” is used 
in the sense that neighbouring particles of 
a given mass of steam do work on one 
another, any one individual particle being 
incapable by itself of increasing its own 
kinetic energy. I know that Professor 
Smith dissents from this view, but it is 
capable of what seems to the writer to be 
a clear mathematical proof, and is further 
strongly supported by Mr.. Rosenhain’s 
experiments. 
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Under these circumstances the steam 
will follow the ordinary law of adiabatic 
expansion as to pressure, dryness, etc. 
Hence, as the pressure falls the velocity 
will increase and the steam will get wetter. 
If now, when the steam has been fully 
expanded, the moisture could by some 
means be withdrawn from the steam with- 
out reducing the velocity, then, having 
withdrawn the moisture, if the velocity be 
reduced to zero the kinetic energy will be 
converted into heat energy, and since all 
the moisture has been withdrawn the 
whole of this heat will be spent in super- 
heating the steam. 

For example, if dry saturated steam at 
215 lbs. per sq. in. absolute be expanded 
freely to 1 Ib. per sq. in. absolute, it will 
then contain 24 per cent. of moisture, and 
have (including the moisture) a velocity 
of 4,120 ft. per second. If now the mois- 
ture be withdrawn it will take away its 
portion of kinetic energy and its own heat 
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energy. If the velocity of the remaining 
steam be arrested 258 B.T.U. will be libe- 
rated, and if the mean specific heat of the 
superheated steam be taken as ‘5 the 
steam will be superheated 680 degs. Fahr., 
raising its temperature to 782 degs. Fahr. 
If, on the other hand, the moisture is not 
abstracted, then the first work of the libe- 
rated heat is to evaporate this moisture. 
This takes 251 B.T.U., leaving 89 B.T.U. 
for superheating, which will superheat it 
178 degs. Fahr., raising its temperature to 
280 degs. Fahr. Owing to internal friction 
these high velocities can never be fully 
attained. As to how he would abstract 
the moisture Professor Wilkinson does 
not say. Some might-be got out by 


means of a centrifugal separator, for it 
must be remembered that the moisture 
must be abstracted before the velocity 
is arrested. 

Even if this method prove practicable 
it is not likely to come into general use. 


FRANK FOSTER. 





Mistaken Ideas with reference to the 
Resultant Force and the Maximum 
Pressure in Retaining Wall Calculations. 


HERE appears to prevail among a 
large number of practical engineers 
(many capital men who have not 
had the time and opportunities for 

any great amount of theoretical education), 
with whom I have come in contact, a 
rather confused idea as to the meaning of 
the normal component of the resultant 
force, and the maximum pressure when 
applied to retaining walls. 

I venture to offer a useful, and what is 
considered by many for whom I have 
cleared away this little difficulty, a simple 
illustration of the same. 

I am fully aware that for the mathema- 
tician the illustration is not required, but 
there is a large body of clever, practical 
men who have not the time to spend 
solving what is for the moment a knotty 
problem, and who are therefore only too 
pleased to avail themselves of a simple 
illustration. 

To those readers and students of your 
valuable paper I submit the following : 

Take for the purposes of illustration a 
simple form of retaining wall of the profile 
shown in Fig. 1. . 

I find that the greatest eonfusion 
appears to prevail in the case of the 
normal component / of the resultant 
force #, and the opposing pressures, 
AB, EF, #7... 

The forces (z.c. A B’, EF’, etc., result- 
ing from the combined weight of the wall 
and the thrust on the wall) which cause 
the reactionary forces or opposing pres- 
sures, 4 B, EF .. can be represented by 
one force, /, which is then called the 
resultant of those forces, and it will be 
seen by reference to figure No. 1 is the 
normal component / of the resultant 
force R. 

That this force P can replace the forces 
A B, E F'... will be shown further on. 

Assume that the resultant 2 has been 


found to act at the outside edge of the 
middle third, then the normal component 
P of & will also act at that point. 

In this position the forces range from 
zero at C, the back edge of the wall, toa 
maximum at A, the front edge, and con- 
sequently may be shown as a triangle 
A BC, each vertical (4 B’, £ F’...) of 
which represents a force which causes a 
reactionary force or opposing pressure in 
the foundation, and therefore a similar 
triangle may be plotted below to represent 
these opposing pressures. 

Now the usual formula for arriving at 
the maximum pressure at 4 is 

. or 
Maximum pressure = —- 
3a 

FP = normal component of resultant 2, 
and is also the resultant of all the normal 
or vertical forces acting along 4 C. 

d = distance from A, or outer edge of 
wall, to the point where the resultant 2 is 


~ 


ce A 
found to act, equal in this case to 


Now, as A #& can be drawn to scale to 
represent the maximum pressure, I find a 
large number of engineers jump to the 
conclusion: that therefore 4 / represents 
the force P plotted to the same scale ; but 
this is zo¢ so, as I shall endeavour to ex- 
plain later. Unfortunately this mistake 
is only too prevalent, and errs on the side 
of weakness when calculating the maxi- 
mum gressure the footings or concrete 
foundation have to support. To illustrate 
the above formula, assume the line of 
joint A C to represent a bar or rod A C, 
Fig. 2, and replace the forces A B’, EF’... 
by, say, half-a-dozen children of various 


‘ages, from about 12 years to 7 years, and 


varying in strength from a good strong, 
sturdy lad, No. 1, down to a practically 
negligible effort put forward by No. 6; 
also replace the pressures A B, £ F... 
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B. F. 


W = Weight of Wall. AB, EF, HI = Ordinates of Triangle , BC. 
7 = Thrust of Backing. A B, EF ,Ar= ~ ABC 
R = Resultant. d = Distance from A to H. 


P = Normal component of 2. 


Retaining Wall Calculations. 


opposed to these forces by six other 
children, each opposing child of equal 
strength. 

Then we have a living example of what 
is taking place in Fig. 1. 

Now, for the children representing the 
forces A 4’, £ F', substitute a full-grown 
man, /’, Fig. 3. 

If the man were to hold the rod in the 
centre, as shown by the dotted position 
in Fig. 3, it would have a tendency to 
turn in the direction shown by the arrow 
at the end A, and the man would have 
some difficulty in keeping it balanced 
against the combined effort of the strongest 
children ; but if he shifted his position 
towards A he would eventually come to a 
point just where the children on opposite 
sides of him balanced each other. 

Here we have a single force / (the 
man) equal to the sum of the furces 
1’, 2’, 3', 4, 5’ and 6’ (the children), and 
replacing them with the same effect. The 
point at which this single force /” is found 
to balance the opposing forces 1, 2, 3, 4, 5 
and 6 is opposite child No. 3, or the outer 
edge of the middle third of the rod, if the 
children are split up into three divisions 
of two in each. , 

As ?’ corresponds to F in Fig. 1, and 
the children were assumed to represent 
the forces A B', £ F’... therefore force P is 
equal to the sum ofthe forces A B’, ZF’... 
and will act as found at the outer edge of 
the middle third ; but as A B’, ZF... are 
equal and opposite to d B, £ F therefore 
force P is also equal and opposite to 
forces A B, £ F... or what amounts to the 
same thing, the area of the triangle 4 B C. 
Referring to Fig. 3 again, as the effort by 
the man is now known to equal the com- 
bined effort of the children it is quite 
clear that the child No. 3, who is opposite 
the man, does not exert the same effort 
as he does, or else with the combined 
effort of the other children the man would 
be pushed over. 

Similarly, then, the pressure HJ, Fig. 1, 
which corresponds to the child No. 3, 
Fig. 3, does not represent the force P for 
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the same reasons, and that it is only a 
part of the triangle 4 B C, which we have 
just proved is equal in area to force P. 

Wnat A’ / does represent is the pressure 
at that point caused by the force HJ’ at 
that point, which cannot be the resultant 
force P so long as the wall remains there. 

H J exerts the same force in opposition 
to AH /' as child No. 3 does to resist the 
pressure of child No. 3’ in Fig. 2. 

As we have found / to be equal to the 
area 4 BC we can find the maximum 
pressure from the following :— 

putt? £2 


2 


= area of 4d BC 


i ABxAC=2f 


F P 
AB = ape a or 


3 
drawn to represent the 


2P 
3a 


And as AB is 


maximum pressure in Fig. 1 then maxi- 


2 
mum pressure = 3a 


Of course it is quite an easy matter to 
substitute a man for six children in the 
case of the illustration, but, as stated above, 
it is impossible to substitute a concen- 
trated force for the retaining wall, and 
therefore the chief reason for finding 
the resultant is for the purposes of calcu- 
lation ; and this point requires to be care- 
fully kept in mind. 

It is not the resultant which has to be 
resisted, but a number of forces equal in 
sum to the resultant and distributed over 
line A C with increasing intensity from 
zero at C until the maximum is reached 
at A. 

If authors of text-books would attempt 
to put matters in as simple a light as 
possible, or in the clear manner of Prof. 
Perry’s text-books, it would greatly en- 
courage a large number of engineers who 
get disheartened with a number of present- 
day publications, written as they are more 
for a man with a sound mathematical 
training. 


J. S. D. MOFFET, A.M.I.Mech.E. 


See 





The Viaur Railway Bridge. ————_= 


HE River Viaur, which forms the 
boundary between the French De- 
partments of Tarn and Aveyron, 
also constituted that between the 
French possessions and the territory occu- 
pied by the English, as determined by the 
Treaty of Brétigny in 1360. Moreover, the 
Viaurvalley, which is in places nearly 200 m. 
(656 ft.) deep, also constituted the most 
serious obstacle to making the line between 
Carmaux and Rodez, forming part of M. 
de Freycinet’s great scheme. The project 
for bridging this valley was definitely 
adopted in 1889; the first stone was laid 
in 1895; the articulated crown was put in 
on July rst, 1902, and the bridge was 
opened on October sth last by the 
Minister of Public Works, who then 
declared that the first conception and 
the realisation of this work were due to 
M. Paut Bodin, professor at the Ecole 
Centrale, and this year president of the 
Société des Ingénieuts Civils de France. 
The principle of the bridge is that of 
balanced beams, and consists in adding to 
the central arch, for relieving the pressure 
exerted at the point where the two con- 
stituent half-arch elements unite, corbellings 
or counter-bays, which, by the mere effect 
of their weight, balance the whole struc- 
ture, and especially compensate the thrust 
of the two half-arches at the crown. In 
other words, they cause each of these 
beams to act like a steelyard, which would 
otherwise dip towards the middle of 
the central span. In this manner the 
bridge is rendered independent of the 
two river banks between which it affords 
communication ; and it possesses inherent 
bearing points at the springing of each 
frame composing the central bay and at 
the articulated joint in which they meet. 
In fact, the bridge does not bear on one 
or other of the shores to which it affords 
access, owing to the connecting bays, 
independent of the general structure, and 
so arranged that they lend themselves 
to all the deflections of the central. arch 
and the play of its articulations under the 


influence of load and contraction or 
expansion. 

The two symmetrical frames, or beams, 
which compose this central arch bear 
against one another by means of an 
articulated crown in the middle of 
the arch, and rest on masonry supports 
by means of shoes, also articulated, 
on either side. Again, each of these 
frames is constituted by two longitudinal 
members having a side batter of 1 in 4, 
so that the horizontal distance between 
the centre lines of these two members, 
which at the crown of the arch is less 
than 6 m. (say 19 ft.), attains 33°4 m. 
(say 111 ft.) at the main abutment level. 
These members, connected together by 
vertical trusses and horizontal cross-stays, 
carry the platform, whose greatest height 
above the valley is 116 m. (380 ft.). 

The total length of the bridge proper 
from bank to bank is 460 m. (503 yds.) ; 
and the approach abutments are 21m. 
(23 yds.) long on the Carmaux and 29 m. 
(314 yds.) on the Rodez side. The dis- 
tance between the two outside or shore 
abutments, which carry the connecting 
bays, small bridges composed of lattice 
girders, is 410 m. (448 yds.), comprising 
95 m. for each of the counter-bays, and 
220m. for the central arch. 

As the central span, though reduced 
from the 250 m. originally intended, is 
actually 220 m. (721 ft.), with a rise of 
53°73 m. (say 176 ft.), it greatly exceeds 
that ef the Garabit viaduct, which is only 
165 m. (541 ft.) ; and its special feature is 
that the two halves bear against one 
another by means of an articulated key in 
the middle, while at each side they rest 
upon masonry piers by means of shoes 
which are also articulated—an arrangement 
very analogous to that adopted for the 
roof of the Paris Galerie des Machines. 
In the first place a large timber scaffolding 
was put up on the Carmaux side, land- 
wards of the bearing points of the 
central arch, for erecting the counter 
bay, supported, as it advanced, by tem- 
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porary timber piers. This scaffolding was 
afterwards taken down and re-erected on 
the Rodez side for effecting the same 
work, during which time the half-arch on 
the Carmaux side was put up from the 
bearing points on one of the main abut- 
ments to the middle of the span. For 
accomplishing this work, at the upper part 
of the counter-bay already constructed, two 
horizontal beams, with their ends firmly 
anchored in the ground, were put out for 
20 m. (654 ft.) in advance of the portion of 
the bridge already terminated ; and on this 
overhanging stage a line of. way was laid 
carrying a truck, from which was hung 
a flying scaffold constituting an enormous 
cage with several decks, like that used for 
winding in mines. A 5-ton steering crane, 
erected on the staging behind the truck, 
permitted the delivery, on the various 
cage decks, of the pieces of the bridge, 
which the workmen put in place. The 
whole of the flying scaffold was pushed 
‘forward into space, pari passé with the 
erection of the half-arch put out to meet 
that of the opposite bank, where the same 
method of erection was employed. For 
keeping in place each half-arch during its 
erection, while overhanging, the ends of 
the portions completed were securely 
moored by steel-wire guy ropes to enor- 
mous blocks of masonry. 


History of the Bridge. 


On account of the exceptional import- 
ance of this bridge, the Administration of 
the Ponts et Chaussées, in accordance 
with the Companie du Midi, instituted a 
competition among French constructors 
who had already successfully erected im- 


portant works. Seven projects were sent 
in and examined by a special commission, 
which eventually selected the design, en- 
tirely of metal, submitted by the Société 
de Construction des Batignolles. The 
Minister of Public Works adopted the 
report of the commission, and sent the 
constructing company a written order for 
the bridge on 30th August, 1889. Some 
modifications in the specification, however, 
demanded by the Company when send- 
ing in the project, delayed the getting 
out of the definite design, which was 
submitted in September, 1892. In the 
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meantime the government regulations as 
to the construction of metal bridges had 
been modified; and the administration 
then enjoined the constructing Company 
to send in drawings in accordance with 
the modifications. When this new design 
was submitted, an advantage was found, 
as regards the quantity of material re- 
quired, in reducing the span of the 
central arch from 250 m. to 220 m. (721 ft.), 
while correspondingly increasing the rise. 
On this modification being adopted, a fresh 
design was submitted in January, 1895, 
and adopted in April, 1896, when the 
company was authorized to get out the 
detail drawings. 


General Conditions. 


Given the section of the valley to be 
bridged, a metal arch appeared to meet all 
requirements ; but a single arch for the 
wl:ole span would set up great lateral 
thrust and consequently require a con- 
siderable weight of metal, while its alteration 
of form owing to variations of temperature 
must necessarily give rise to great additional 
strains, and consequently to a still further 
increase in the weight of metal required, 
besides which, the.erection of such an 
arch appeared very difficult. In order 
to diminish the thrust, to avoid the 
additional strains and facilitate erection, a 
central arch was adopted, continued on 
either side of its springing by counter- 
bays, so intimately connected with the 
central bay as to form one with - it, 
thus counter-balancing part of the thrust, 
while at the same time permitting the 
erection with overhang of the central arch, 
balanced by the efforts brought to bear 
at the ends of the counter-spans. With 
the same object the central arch was 
divided into two equal parts by an articula- 
ted joint in the middle of the bay, the 
ends of the counter-bays being left free. 

By arranging articulated joints at the 
springings, as at the crown, the calcula- 
tions were simplified, and could be made 
without resorting to formulz connected 
with deflection, since all the reactions 
would pass through fixed points. More- 
over, variations of temperature would exert 
no action on the strength of the metal; 
and the horizontal thrust could, at the 
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moment of .keying the central span, be 
reduced to exactly the effort resulting 
from the preponderance of weight in the 
central span over that of the, counter-bays 
and the reaction of the connecting bays. 
The conditions of the . project were 
determined by the above considerations ; 
and the spans were fixed empirically. It 
was, in fact, necessary to balance the bays 
so as obtain a minimum of weight, and 
also in such a manner that, in the 
most unfavourable positions of the load, 
account being taken of the wind’s force, 
the thrust at the crown would be always 
positive, and have a sufficient value to en- 
sure the two half bays being always in 
contact. By way of additional precaution, 
tie-rods, embracing the central articulation 
pivot, were attached to the end of each 
half-frame ; and with the same object 
powerful anchoring rods attached the 
metal framework to the bearing points 
at the springings of the arch. 
Between the ends of the counter-bays 
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and the masonry approaches are connect- 
ing bays, bearing at one end on _ the 
counter-bays and at the other on the 
shore abutments, the object of which 
arrangement is to permit a vertical and 
horizontal displacement of the ends of the 
counter-bays under the action of wind and 
load, and especially under that of variations 
in temperature. With this object the 
girders of these connecting bays rest on 
bearing-plates permitting movement round 
the horizontal or the vertical axis, and also 
longitudinal movements due to contrac- 
tion and expansion. 


Description of the Structure. 


In order to give sufficient rigidity to 
the elements constituting the arch, they are 
made in the form of frames, whose height 
increaseé from the crown on one side, and 
from the ends of the counter-bays on the 
other, to the springings, thus realising a 
very rigid arrangement on account of the 
great value of the moments of inertia. 
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The Viaur Railway Bridge. 


Each half-frame consists of an upper 
rectilineal rib and of a lower polygunal 
rib, both of them constituted by box 
girders placed end to end; and they are 
connected together by vertical members 
(in the transverse direction) and also by 
oblique members, the whole constituting 
the tympans, while the centre lines of the 
members entering into the composition of 
the frame and terminating in one and the 
same “knot,” or juncture, meet at the 
same point. 

The main abutments, carrying the 
articulated joints at the springings of 
the two main frames, are each com- 
posed of two masses of masonry 
symmetrical with respect to the central 
plan of the bridge, the distance between 
their centre lines being 33°4 m. (nearly 
110 ft.). These masses of rectangular 
section, built of ashlar-dressed stone, are 
each surmounted by three courses of tooled 
granite, with surfaces decreasing in the up- 
ward direction. The object of this arrange- 
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ment is to transmit the load on the ashlar 
masonry over a larger surface, and thus 
diminish the pressure per unit of surface 
supported by the masonry. The outside 
stones of one and the same granite course 
are connected together by iron cramps - 
run in with lead ; and some stones of the 
lowercourse project intothe ashlar masonry, 
in the form of tenons, for preventing any 
movement. The ashlar masonry is also 
splayed out with a batter that varies with 
the faces. Each abutment contains an 
anchorage chamber, with approach. The 
anchorage-rod, passing through the mass 
of masonry, has at its lower end a nut, 
which is surmounted by a wrought-iron 
beam, bearing on a cross-beam of double- 
T section bedded in the masonry. 

The upper ribs have two webs, and show 
in cross-section the form of a letter U re- 
versed. The upper flange, which has a 
uniform width of 1°1 m. (3 ft. 7 ins.) and a 
thickness of 10 mm. (@ in. full), is connected 
to the webs by four angle bars 100 by 100 
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by 12 mm. (4ins. by 4ins. by $in.). These 
webs, which have a uniform thickness 
of 12mm. (}in.), are spaced 80cm. 
(2 ft. 7}ins.) between their inner faces ; 
and their height varies progressively from 
0°49 m. (1 ft. 7}ins.) to o°789m. (2 ft. 7ins.), 
this maximum being attained above the 
articulations of the springings, and the 
minimum at the crown and the ends of 
the counter-bays. 

The lower ribs are constituted like the 
upper, but with this difference, that their 
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In each half-frame the space between the 
approximately vertical members diminishes 
from the springings to the crown of the 
arch and to the ends of the counter-bays, 
varying from 16°2 m. (53 ft. 14 in.) 
at the springings to 7°2° m. (23 ft. 
74 ins.) at the crown of the arch, 
and 6°3 m. (20 ft. 8 ins.) at the ends 
of the counter-bays. The vertical and 
oblique members, constituted in the same 
manner, belong to two different types, 
according to their length, the shorter 
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flange, sometimes built up of several thick- 
nesses of plate, is at the bottom ; and in 
elevation these ribs take a polygonal form, 
the straight portions being connected 
by circle arcs of 10 m. (33 ft.) radius. For 
preventing deflection.in the various straight 
parts of the ribs, some of them have been 
strengthened over a great portion of their 
length by the addition of an upper flange, 
transforming the element into a box girder. 





being-of double-T section and the others 
of box section. For preventing deflection, 
the oblique members and the verticals 
(in the transverse direction) of a certain 
length are increased in width at their 
middle in the longitudinal plane of the 
frame; but there was no occasion to 


increasé their width in the transverse 
direction, because the parts opposite one 
another in the two frames are connected 
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by cross-stays, which arrangement pre- 
vents any tendency to deformation. ‘The 
oblique members, subject only to tensile 
strain, have also been increased in width 
at their middle, in order to stiffen them, so 
as to resist any vibration which might be 
set up, and also for enabling them the 
better to withstand the action of their own 
weight. 

The members near 
the springings of the 
arch are the longest ; 
and a vertical projection 
of the approximately 
vertical member above 
each articulation of the 
springings showsa height 
of about 55 m. (180 ft.), 
corresponding with a 
greater actual length. 
These long vertical 
members, which have to 
withstand considerable 
strain, are made up of 
four angle bars, strength- 
ened or not by flat bars; 
and the four angles are 
connected together by 
flat and channel bar 
diagonals. 

The vertical members 
are fastened to the out 
side of the webs of the 
ribs by their angle bars; 
and the oblique mem- 
bers have, on the con- 
trary, their angle bars 
placed inside the webs 
of the ribs. Where the 
“knots,” or junction 
points, occur, the webs 
of the ribs have been 
widened out to the form 
of gussets, in order to 
afford sufficient room 
for getting in the num- 
ber of rivets necessary 
to connect the vertical and oblique 
member with the rib. 

The lower “ knot,” or junction point, of 
the longest vertical member, which coin, 
cides with the articulated joint of the 
springings, constitutes the base on which 
the half-framereposes. Thewebsof theribs 
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of the central arch and of the counter-bays 
meet at these points, and are cut up into 
steps for being connected with the gussets 
constituting the “knot”; and _ these 
gussets, made up of several thicknesses 
of plate, are stiffened by frames. The 
“knot” comprises, for each web, four 
12-mm. (say }-in.) plates, one of which 
forms a cover plate ; and all the pieces of 
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the ‘“‘knot” are connected together on the 
gussets, strong steel plates in the form of 
a right-angle triangle ensuring the rigidity 
of the construction at this point. The 
vertical members near the crown of the 
central span, enlarged for constituting full 
panels, ‘are strengthened for receiving, on 
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the bearing shoes, the plates containing 
the articulation axis ; and with this object 
the webs are formed of several thicknesses 
of plate, being further stiffened by steel 
frames and angle plates, for ensuring the 
perfect transmission of the frame strains to 
the articulation axis at the crown. 

The strains due to the wind’s action on 
the whole metal structure are transmitted, 
by means of horizontal cross-stays and 
vertical diagonal stays in the plane of the 
approximately vertical members, to the 
lower “knots,” or junction points, and 
from them to the abutments, owing to the 
presence of the stays arranged in the plane 
of the lower ribs. The lower “knots” are 
connected two and two by horizontal 
cross-stays of rectangular section, formed 
by four parallel angle bars, connected by 
lattice-work in the form of the letter V on 
their four faces. Between two consecutive 
cross-stays are the stays, made up of four 
angle bars, connected by lattice-work of 
V form on two faces, and X form on the 
other two, the longest bars being swollen 
on their four faces. The horizontal cross- 
stays and those between the vertical and 
oblique members are constituted by angle 
or channel bars suitably stayed together ; 
and these bars are attached to the frames 
by gussets. The horizontal cross-stays, 
which connect together the lower “knots,” 
or junction points, and which have to stand 
great strain on account of variations in 
temperature, are veritable beams, or girders, 
composed of two U-ribs connected by 
lattice-work. 

The platform is constituted by its main 
transverse girders, situated in the vertical 
plane (transverse as regards the bridge) of 
the approximately vertical members, and 
therefore spaced at unequal distances 
apart. These transverse girders carry 
two large longitudinals, which are them- 
selves veritable girder bridges, whose 
length is equal to the distance between 
two successive vertical members. The 
longitudinals are stayed by flat bars, 
and connected by secondary transverse 
joists, which latter carry two secondary 
longitudinals that support the track. 
The main transverse girders of ‘the 
bridge have a single or a double web 
according as the vertical members to the 
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upper portion of which they are connected 
are themselves of double-T or of box 
section. The height of the main longitu- 
dinals, which all have a single solid web, 
varies between 80cm. (2 !t. 74 ins.) and 
140 cm. (4 ft. 7}ins.). The rails are laid 
on longitudinal sleepers, kept in place by 
angle-plates and straps. 

The track is straight and also level, 
except that it is slightly raised at the 
middle of the central span, so that the line 
shall not appear concave at the crown. 
The platform is completed by a remark- 
ably strong parapet, which consists of a 
solid plate girder, 1°8 m. (6 ft.) high, 
riveted to the upper ribs of the frames, or 
beams, strengthened at frequent intervals 
by buttresses, and ‘capable of resisting the 
shock of a train in the event of its running 
off the rails. 

The connecting bays are formed by 
straight girders with single lattice-work 
web, characterised, like the frames of the 
main bay, by complete symmetry (with 
respect to the median plane) of all the 
parts entering into their composition. 
These girders, suitably stayed, are con- 
nected, where the vertical members occur, 
by the transverse joists which carry the 
longitudinal sleepers. These connecting 
bays rest on the cross-stay at the end of 
the counter-bay, with the intervention of 
bearing-pieces, the form of which is that 
of a cylinder with vertical axis and slight 
height, engaging with easy play in 
concave parts of corresponding form. The 
bearing on the shore abutment is consti- 
tuted by an appliance provided with 
expansion rollers, and upper plate carrying 
a horizontal articulation the axis of which 
is perpendicular to the plane of the 
girders. 

The bearing arrangements of the frames 
differ from those generally employed, 
because the shoes are not horizontal, and 
bearing beams are arranged along two 
planes, one horizontal and the other 
inclined, and lastly, because they are 
fitted with two sets of adjustment 
wedges. Each bearing appliance com-. 
«prises four main parts—a_ cast-iron 
beam, a bearing-plate, and two cast-steel 
supports for the articulated joint. The 
lower support rests on the cast-iron beam 
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with the cast-steel bearing-plates, and six 
forged steel adjusting wedges. Between 
the wedges and the cast-iron beam 
additional wrought-iron packing pieces 
are interposed, when necessary, in order to 
permit of raising or lowering the bearing- 
plate on the beam. Between the bearing- 
plate and the edges of the cast-iron beam 
there are other wedges, which permit of 
sliding the plate over the beam. These 
arrangements permitted of bringing the 
axes of the two parts of the work 
perfectly opposite one another when the 
“knots,” or junction-points, of the spring- 
ings were put in place. The articulated 
joint proper is constituted by cylindrical 
surfaces of 36 cm. (14$ins.)radius; and the 
upper articulation support terminates in a 
plate 5cm. (2 ins.) thick, on which rests 
the above-mentioned shoe, a sheet of lead 
5 mm. (,3; in.) thick being interposed 
between the two. 

The articulated joint’at the crown is 
constituted by a horizontal forged and 
turned steel cylinder 95 cm. (3 ft. 14 in.) 
long and 20 cm. (8 ins.) in diameter, 
terminated at each end by flanges, or 
collars, of 30 cm. (12 ins.) diameter, for 
preventing lateral displacement. 

The mild-steel bars, angles, etc., 
produced at the Creuzot, Denain, and 
Pompey works, were machined at the 
Paris works of the Société de Construc- 
tion des Batignolles, so that they arrived 
on the spot ready for being put in position. 


Erection of Metal Portion. 


Not far from the erecting yard a space 
had been levelled so as to be nearly hori- 
zontal, on which a half frame was set out 
full size, as also were the cross and diagonal 
stays. It was then possible to put the 
different pieces together and enlarge all 
the rivet holes by reaming. The various 
lengths (or sections) of bars were then 
riveted up, their length being generally 
kept from 5 to 8 metres (16 to 26 ft.), and 
their weight within 4 tons, for preventing 
difficulty in erection. 

The scaffolding for the erection of the 
counter-bays extended almost entirely 
over the ground area under the metal 
portion to be constructed, being in- 
tended to furnish the bearing or anchoring 
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points necessary for raising the parts and 


putting them in place. This scaffolding 
presented in elevation a length of 73°6 m. 
(240 ft.); and its height varied from 
26 m. (85 ft.) to 64 m. (210 ft.). It con- 
sisted of five pylons, or pyramidal piers, 
coinciding with the “knots,” or junction 
points, of the lower rib of the counter-bay, 
these piers being only connected at their 
tops. The greatest width at the base of 
this scaffolding attained 32°5 m. (1064 ft.); 
and the upper part received a travelling 
truck, which carried crab-winches with 
horizontal travel at right angles to the 
line of way. 

The erection was begun by putting in 
position the two vertical members imme- 
diately over the abutment, which afford 
connection between the articulated joint 
of the springing and the upper rib. At 
the same time the lower cross-stay con- 
necting these two parts at their base was 
put in, as also the main transverse girder 
of the bridge effecting their connection 
above, while concurrently the diagonal stay 
in the plane of the vertical members was 
naturally placed in position. It was then ° 
possible to erect the lower ribs of the 
first panel of the counter-bay and their 
diagonal stay, as also the first oblique 
members of the two frames, with the cor- 
responding cross and diagonal stays. The 
panel was completed by putting up the 
first vertical members and the upper 
ribs, the same operations being effected 
in the same order for the erection of the 
other panels. At the time the oblique 
members of the first panel were put in 
and riveted, a timber pylon, or pier, was 
formed at the end of this panel, and under 
each frame, for supporting the end of the 
portion erected, similar piers being formed 
in succession as the erection proceeded. 
Lastly, after the wholecounter-bay was com- 
pleted, two other pylons were formed in 
the same manner at the end of this latter, 
which permitted of taking down the scaf- 
folding and putting it up on the other 
bank. 

Immediately after completion of the 
first counter-bay, erection of the central 
bay was begun, the work -proceeding 
with overhang, ze. without being sup- 
ported underneath ; and with this object 
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a wrought-iron frame, to which the 
name of daleine (whale) has been given, 
was arranged on the first panel of the 
counter-bay. This frame consists essen- 
tially of two steel beams, slightly longer 
than the collective lengths of the pieces 
entering into the composition of the first 
panel of the counter-bay and of the first 
panel of the central span. The distance 
between their inside faces is a little greater 
than the outside width of the upper part 
of the main frames ; and these two longi- 
tudinals were stayed by two transverse 
beams. On the da/eime was arranged a 
platform with track, the rails of which 
were laid in line with the beams of the 
baleine. ‘The line of way carried a plat- 
form supporting a steering crane, suffi- 
ciently powerful to lift most of the lengths 
(or sections) constituting the vertical and 
oblique members of the central bay. 
There also ran on this line of way a 
travelling carriage, or truck, from which 
was suspended a vertical latticework tower 
having five decks, and sufficiently deep to 
permit of reaching the first “knot” (or 
junction point) of the central bay counting 
from the abutment, this carriage being 
movable along the whole length of the 
bridge. Access to the five decks, each of 
which had a width slightly greater than 
that of the work, was rendered easy by a 
fixed timber staircase. 

For putting up the first panel the beams 
of the “whale” were placed above the 
first panel of the counter-bay, one of the 
cross-stays being then situated above the 
abutment vertical member, and the other 
cross-stay being in line with the first vertical 
member of the counter-bay. Under these 
circumstances the outside end of the 
“whale” overhung by a length slightly 
greater than that of the first panel of the 
central bay. Of course, the inside or 
hind end of the “whale” was firmly 
secured to the first vertical member of 
the counterbay; and the _lattice-work 
carrying the five decks was then put up 
at the end of the “whale,” as also the 
steering crane. 

The first panel was erected in the 
following manner :—The upper length 
(or section) of each of the two oblique 
members was first put in place, and then 
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the succeeding length (or section), while 
at the same time the horizontal cross-stays 
and the diagonal stays in the plane of the 
vertical and oblique members of the two 
half-frames were put in. The positions of 
the oblique members were, moreover, 
regulated with respect to the vertical 
members, during erection, by means of 
temporary rods, each end of which was 
fastened to the vertical and to the oblique 
members. At the same time that the 
oblique member was put up, the pieces of 
the lower ribs of the first panel were put 
together and riveted up on the ground. 
Each of these ribs, weighing about 42 tons, 
which was naturally put together at the 
nearest possible spot to its definite situa- 
tion, was lifted in a single piece by 
crab-winches and pulley-blocks, suitably 
arranged. After the lower rib was con- 
nected with the oblique member, the first 
triangle was obtained; and then the 
erection of the first vertical member of 
the central bay could be proceeded with, 
which operation was effected by com- 
mencing with the lower length (or section) 
and finishing with the upper length. 
At the same time, the cross and 
diagonal stays in the plane of the corres- 
ponding vertical members of the two 
frames were put in place; and the erection 
of the. first panel was terminated by 
putting in the lengths (or sections) consti- 
tuting the upper rib. 

After it was ascertained that these parts 
were in their correct positions, all the joints 
were riveted up, when the “whale” was 
run over the upper ribs of the first panel 
just completed; and it was then possibile 
to begin erecting the second panel exactly 
in the manner just described, the work 
being added on, piece by piece, towards 
the end of the frames constituting half the 
central bay. The “ whale” was then trans- 
ferred to the counter-bay on the other bank ; 
and the erection of the second half of the 
central bay was proceeded with in the 
same manner. As already mentioned, the 
lever arms of the frames are not equal, and 
the weight of the counter-bay is not 
sufficient to balance half the central 
arch, in addition to which the weight of 
the latter was increased by that of the 
“whale” and all the appliances for erec- 





The Viaur Railway Bridge. 


tion. Temporary equilibrium was partly 
obtained by loading the end of the 
counter bay with a mass of masonry 
weighing together 280 tons; but, as 
this mass would not have been sufficient 
to prevent deflection of the frames, 
vertical holding-down rods were added, 
fastened to the end of the counter- 
bay of each frame at one end, and at the 
other to a second mass of masonry, weigh- 
ing about 250 tons, built on the ground 
surface immediately underneath the end 
of the counter-bay. 

The weight of the masonry built on the 
counter-bay was so determined as to almost 
constantly compensate the greater portion 
of the difference of moments as regards the 
bearing on the abutment; and the tension 
of the holding-down rods was intended 
to complete the difference. The maxi- 
mum tension which these rods had to 
support amounted to about 200 tons; 
and, moreover, this effort was partly 
sustained by the piers under the ends of 
the counter-bays, for preventing the wind or 
unforeseen circumstances from modifying 
the equilibrium of the structure. The 
lower ends of the vertical holding-down 
rods were threaded for receiving nuts, by 
screwing up which latter it was possible 
to make the frames turn slightly on the 
articulated joints at the springings, and 
consequently facilitate the putting in place 
of the articulation at the crown. 

It therefore sufficed for the operation 
of keying, after putting in place the.pivots 
at the crown, to screw up the nuts of the 
vertical holding-down rods at the ends of 
the counter-bays, thus canting the two half- 
arches until they met. The keying, how- 
ever, could only be regarded as actually 
effected after removal of the masonry 
masses on these bays ; and, inasmuch as 
the canting could not be recommenced 
after this operation, it was absolutely 
necessary to have an exact idea as to the 
thickness of the packing pieces to be 
placed under the bearings of the articula- 
tion at the crown. These thicknesses had 
to be determined so as to exactly com- 
pensate the compression caused by the 
thrust due to the weight of the bridge 
itself, after removal of the lifting gear and 
finishing the platform, etc.,in suchamanner 
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that the additional deflection should be 
exactly that provided for, while taking 
account, however, of the effect exerted by 
the temperature. It was therefore im- 
portant, before the keying was effected, 
to ascertain exactly the successive forms 
of the structure at each of the following 
phases, viz. when contact was obtained 
without thrust; after suppression of the 
effect exerted by the holding-down rods 
before the masonry masses were removed ; 
after the removal of these masses; after 
erection of the platform and the track, 
which was not effected at the time of key- 
ing ; after erection of the connecting bays ; 
and, lastly, after removal of the lifting and 
all other gear. 


Principle of the Bridge. 


These forms were determined by a 
method due to M. Bodin, who enunciated 
its principle, as follows, in his presidential 
address to the Société des Ingénieurs 
Civils de France—a method which per- 
mitted of so exactly calculating the 
adjustment of the parts that, after 
completion of this difficult operation, 
and when the bridge was finished, the 
difference between the estimated and the 
actual additional deflection was found to 
be inappreciable, viz. from 1 to 2 mm. 
only, or not ;°, in. 

The method with balanced arcs, which 
was first adopted for the Viaur Bridge— 
followed by the projected Mirabeau Bridge 
over the Seine at Paris, the Troitzky Bridge 
over the Neva at St. Petersburg, etc.—is, 
at any rate for large spans, more economical 
than that of ordinary arcs, because the 
thrust is diminished, and the strain use- 
fully distributed over the longitudinals. 

When the span is considerable, and the 
height above the ground does not permit 
of putting up a scaffolding, the erection 
should be effected with overhang ; and in 
this case each piece, or portion of a piece, 
must have its defined position determined 
before the next part is put in place. As 
will readily be conceived, it is absolutely 
necessary in an important work to make 
sure that the last piece put in exactly 
occupies its assigned position ; and it is 
in this manner only that the whole struc- 
ture will present its predetermined form 
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when completed. As the system is elastic, 
its form varies with the addition of each 
piece and with each displacement of the 
lifting appliances, so that it is necessary 
to take these alterations of form into con- 
sideration, and calculate them for each 
phase of the construction. 

This calculation can be made very 
exactly (under the supposition that the 
system is constituted by articulated bars) 
by applying the principle of virtual work; 
but it must be repeated for each one of 
the points the position of which it is 
desired to ascertain—a very long operation. 

One may proceed to simply set out 
the work, in order to obtain for each 
variation of load the complete form of the 
whole system. In fact, within certain 
limits, compatible with the form of the 
system, the alterations of form are pro- 
portioned to the loads applied. If, there- 
fore, it be supposed that the loads are 
m times greater than they are in reality, 
and reduced or increased in the proportion 
of times the increase or diminution 
caused by the strain, a diagram will be 
obtained representing the system # times 
more put out of form, #.¢. in which the 
displacements will be x times greater than 
they are in reality. It is, however, far 
simpler to set out the work to the scale of 
1: #, in which case the displacements will 
be reduced proportionately, and the 
diagram will show the actual displace- 
ments, which can be measured. 

Since 1886, when the first project for 
the Viaur Bridge was got out, this method 
has been employed by the Société de Con- 
struction des Batignolles. The great 
advantage it possesses is that all the 
displacements, and consequently all the 
vertical deflections and horizontal move- 
ments, are immediately indicated, without 
difficulty or trials, so that it is no longer 
necessary, when endeavouring to ascertain 
the greatest deflection caused by the 
loads, to make an hypothesis, or a 
preliminary diagram, for determining the 
point where the deflection will take 
place. 

This method, which is, in fact, only a 
graphical application of the principle of 
virtual work, was also employed in the 
erection of the Viaur Bridge, and it 
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indicated the slightest deviation from the 


correct position of the pieces. It is thus 
that the keying of the central arch was 
effected with remarkable correctness, since 
the difference between the intended and 
the actual height at the crown is inappre- 
ciable. 


Calculating the Bridge. 


In the calculations for the construction 
of the bridge, account was taken of the 
following forces :— 

(t.) The permanent loads due to the 
inherent weight of the structure-—These 
loads, which are vertical, may be reduced 
to isolated forces applied at each “knot” 
(or junction point) of the frames ; and it is 
sufficient, for obtaining this result, to refer 
the inherent weight of the different parts 
to their two ends. These forces are, more- 
over, on account of the symmetry of the 
structure, arranged symmetrically with 
respect to the vertical longitudinal axial 
plane of the bridge. 

(2.) The loads due to the passing of 
the typical train, in accordance with the 
official regulations. —These forces, which 
bear upon the upper “knots,” or junction 
points, of the frames, through the plat- 
form, and especially through the main 
transverse girders of the bridge, are 
vertical, and arranged symmetrically with 
respect to the vertical longitudinal axial 
plane. 

(3.) The action of the wind.—This 
action, which is (according to the 
regulations) to be considered as exerted 
horizontally, may be reduced to isolated 
forces applied at the different “ knots,” 
or junction points, of the frames. The 
case of a wind exerting a force of 270 kg. 
(595 lbs.), without extraneous load, and 
also oné of 170 kg. (374 lbs.) with load, 
had to be provided for. 

The bridge was calculated under the 
hypothesis of having to carry a moving 
typical train hauled by two 56-ton engines 
with 24-ton tenders; but the tests were 
carried out with 73-ton engines and 
'26}-ton tenders, and also with 22-ton 
instead of 16-ton wagons. Notwithstand- 
ing this great increase in the load, however, 
the deflections observed did not exceed 
what had been provided for in the calcula- 
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tions ; and it was not found that the moving 
loads caused any transverse vibration in 
the vertical and oblique members. The 
dead-weight tests entailed a lowering at the 
crown articulation of 41 mm. (1°614 in.), 
while the deflection given by the calcula- 
tions was 73 mm. (2°874 ins.). Three 
tests with moving loads were made, of 
which the most severe was with a train 
made up of two engines and _ twenty 
wagons, representing a total weight of 
639 tons. With a speed of 20 km. 
(123 mls.) per hour the vertical displace- 
ments were 52 mm. (2°047 ins.) at the 
crown and 76°4 mm. (3 ins.) at the end of 
one of the counter-bays; and at double 
that speed, 45°1 mm. (1°775 in.) and 
76°9 mm. (3°03 ins.) respectively. 


Sundry Particulars. 


The work of lifting the parts, putting 
them together, and riveting up extended 
over more than three years; but it must 
be borne in mind that during this period 
the actual erection had to be interrupted 
during rain, fog, frost and high winds, 
which rendered access to the scaffoldings 
dangerous for the men, who at such times 
were employed in putting the parts 


together and riveting them up on the 
ground surface. 
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The appliances for inspection and main- 
tenance comprise—a longitudinal track, 
arranged under the platform and extending 
the whole length of the bridge, carrying a 
travelling and steering truck; ladders with 
round rungs placed inside the lower ribs, 
which are of box section, and ladders, 
also with round rungs, fastened to the 
upper part of the vertical members, while 
manholes in the upper ribs permit of using 
these ladders for gaining access to the 
inside of the vertical members. 

The whole structure is of mild steel, 
except the accessory portions, such as the 
connecting bays, the platform, and part of 
the appliances for inspection and main- 
tenance, which are of wrought iron, while 
the bearing-plates at the articulation are 
of cast steel. 

The metal-work weighs about,3,660 tons, 
comprising 3,000 tons of mild steel, 
550 tons of wrought iron, 43 tons of cast 
steel, and 36 tons of cast iron, while the 
total cost of the bridge, including masonry, 
is put at 2,700,000 frs. (£108,000). 

For the photographs from which the 
accompanying illustrations have been 
prepared, we are indebted to the courtesy 
of M. A. Dumas, editor of the Génie 
Civil, which publication has been freely 
laid under contribution in this notice. 
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The Egyptian Water Problem 
and Sources of Further Supplies. 


LTHOUGH but recently completed, 
the beneficial influence of the 
Aswan dam has already been 
demonstrated in a most satisfac- 
tory manner, and cultivators along the 
Nile valley are already rejoicing in the 
removal of restrictions that were necessary 
in former years for ekeing out the scanty 
supplies of water then available. But it 
would be a mistake to suppose that the 
last word has been said, or that irrigation 
engineers may now rest upon their laurels. 

The object of the present article is to 
consider briefly the influence that will be 
exerted by the Aswan reservoir, to take 
note of its limitations, and to describe in 
outline the further schemes that have been 
proposed for placing the water supplies of 
Egypt upon a sound and wholly satis- 
factory basis. 

The reservoir upstream of the Aswan 
dam is of very considerable extent. In 
summer time it extends as far as Ibrim, 
which is 143 miles above Aswan, but 
for a length of about too miles the 
impounded water is within the trough 
of the Nile. A few villages have been 
submerged, but as measures were taken 
by the Egyptian Government during 
1901 for delimiting the boundaries of the 
proposed reservoir, and of dealing suit- 
ably with all incidental problems, no real 
inconvenience has been suffered by the 
former inhabitants. 

It has already been stated that the 
maximum capacity of the reservoir is 
1,050 million tons, equal to more than 
235,000 million gallons. It will be full 
by the middle of January in each year, 
and during May, June, and July water 
will be discharged for the purpose of 
augmenting the ordinary summer flow of 
the river. Taking the necessary period 
of discharge at the minimum of 75 days, 
it follows that the additional volume 
furnished by the impounded water will 
be approximately 36,000 gallons per 


second. To this must be added the 
normal summer discharge of the river. 
In calculations of this nature, it would 
manifestly be imprudent to accept averages, 
for the deficiency of water during one 
year of poor supply cannot be made good 
by any mathematical process. Therefore 
we must only add to the discharge of the 
reservoirs the quantity to be expected in 
a poor year, say 50,000 gallons per second, 
giving a combined discharge of 86,000 
gallons per second, thus showing that the 
effect of the Aswan dam will be to reason- 
ably assure a summer supply approximately 
equal to the mean summer discharge of 
the Nile. 

The minimum quantity of water required 
during the summer months for theadequate 
treatment of the 6,250,000 acres of culti- 
vable land in Lower and Upper Egypt 
is estimated at 30,000 cub. ft., or, say, 
190,000 gallons per second. 

Deducting from the 190,000 gallons 
per second required the 50,000 gallons 
assumed to be furnished by the river, 
the balance of 140,000 gallons per 
second is” wanted, towards which, as we 
have already seen, the reservoir as at pre- 
sent built is only capable of contributing 
36,000 gallons per second, leaving a de- 
ficiency of 104,000 gallons per second. 

Although the original scheme did not 
provide for a reservoir at Aswan large 
enough to supply the ultimate needs of 
Egypt, it did provide for the storage of 
that quantity of water which was known 
by Government and other engineers to be 
urgently necessary for existing demands. 
Unhappily the loud-tongued clamour of 
a few antiquarians, in this and other 
countries, drowned the feebly-uttered 
prayers for water that arose from millions 
of parched throats in Egypt, and in con- 
sequence the capacity of the reservoir was 
reduced to about two-fifths of the origi- 
nally intended capacity. Some excuse 
may be found for those who, worshipping 
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the temples of Phil from afar, knew 
nothing of the dire necessities of Egypt, 
but it is difficult to justify the fatal weak- 
ness of the Government in yielding to 
agitation militating against the true welfare 
and prosperity of the nation. 

The consequences of reduction in the 
capacity of the Aswan reservoir will 
become clear by examination of the follow- 
ing figures. Expressing quantities in cubic 
feet instead of in gallons, it may be said 
that the scheme of 1894 provided for the 
storage of 85 milliard cub. ft. of water, 
and that according to the modified scheme 
of 1895 only 35 milliard cub. ft. could 
be stored. As before mentioned, the 
capacity of the reservoir is now estimated 
at a somewhat higher figure, equivalent to 
about 37 milliard cub. ft. 

The provision of each milliard cub. ft. 
of water is estimated to increase the value 
of the crops, and therefore the rental value 
of the land, by £30,000 per annum. 
Consequently the capitalised value of one 
milliard cub. ft. of water may be put at 
£300,000. 

The actual cost of the present dam was 
approximately £2,400,000, and on a 
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similar basis the cost of the dam originally 
intended may be put at 42,800,000. In 
addition, we may allow for incidental 
irrigation and drainage works £ 1,500,000 
in one case, and £4 3,000,000 in the other, 

The following Table presents these 
figures in the form of a comparative 
statement. 


Table I.—Showing Loss to Egypt 
by Reduction of Aswan Reservoir. 


RESERVOIR AS ORIGINALLY 
PROJECTED. 
Capitalised value of 85 
milliard cub. ft. of 
water eee 


RESERVOIR AS BUILT. 

Capitalised value of 35 
milliard cub. ft. of 
water oa ... £10,500,000 

Estimated saving in 
cost of dam 

Allowance in respect of 
irrigation and drain- 
age works 


400,009 


1,500,000 


12,400,000 


BALANCE, being loss to Egypt .... £13, 100,000 


FIG. 1.—A PART OF THE ASWAN DAM, AS ORIGINALLY DESIGNED BY SIR WILLIAM WILLCOCKS, 
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Thus it is distinctly shown 
that the net upshot of the agita- 
tion with regard to the temples 
on Philz Island is a clear loss 
to the Egyptian people of more 
than £13,000,000; or of only 
412,500,000 if we take account 
of the two milliard cub. ft. wh ch 
the reservoir is now believed to 
hold in excess of the quantity 
first estimated. 

It has been said that the latest 
design permits the future exten- 
sion of the Aswan dam to the 
height of R.L. 112, giving a 
_Teservoir capacity of 70, or perhaps 
74, milliard cub. ft. of water. 
Taking the lower estimate, the 
ultimate completion of this work 
will result in an addition to the 
wealth of Egypt equal to 
10,500,000; or £,9,700,000 
after deducting £800,000 for 
new masonry and _ incidental 
irrigation works. If the higher 
estimate of capacity be accepted, 
the net advantage to be gained 

by raising the dam would be 
‘ about £ 10,000,000. 
= 7 Here it may be remarked that 

* , Egypt has lost considerably, in an 
artistic sense, by the abandon- 
ment of the original designs, 
cir which provided for a series of 

dams of imposing elevation, : 

FIG. 2.—MAP OF THE NILE VALLEY FROM THE SOURCES sweeping from island to island in 

OF THE RIVER TO ASWAN. the rocky basin of the Nile, and 
connected by massive abutment 
piers and pylons, appropriately 

reminiscent of early Egypt 

Table IIl.—_Approximate Comparison of Nile architecture. The sketch 
reproduced in Fig. 1 was 
drawn from the elevation 
of the design prepared in 
pam staal, | Seam. | Smug 1894 by Sir William Will 
cocks, and will give some 

Mill. Gals. |Gals. per sec.|Gals. per sec. idea of the architectural 


De La Motte (1880) ... | 1,200,000 | 190,000 | treatment then proposed. 
WILtcocks (1894) ... ... | 534,000! 82,000 | 58,000 Some day the AswAn res- 
| 
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Reservoir Schemes. 








BOULE (1895) ... a Me 800,000 | 123,000 17,000 ervoir will be brought up to 
WILLCOcKS ins i: iS 440,000 68,000 B> pmed its full capacity, and then 
a Modifiec = 220,000 34,000 ¥ 

* (As Built) | 235,000 | 36,000 | the summer supply of water 
Storage necessary for Egypt ... | 900,000 | 140,0c0 a to Egypt will reach a total of 
122,000 gallons per second. 














The Egyptian Water Problem. 


Table III.—Approximate Discharge 
of the Nile and Aswan Reservoir. 





Gals. per sec. 


Nile Flood ... ae oa ... | 2,000,000 
o »» (Very High) ... 
Summer Discharge (Mean) 
” ” (Poor) eee 
(Minimum) 


” ” 





But some 68,000 gallons per second will 
still have to be provided to make up the 
required total of 190,000 gallons per 
second. The chief data relating to the 
various reservoir schemes 
hitherto mentioned are 
summarised in Table II., and 

some figures are collected in 

Table III. as to the supplies 

afforded by the river alone, 

and in conjunction with the 

discharge from the Aswan 

reservoir. 

In order to obtain a true 

idea of the total quantity of 
water to be provided in future 
schemes, it becomes necessary 
to take waste into account. 
Adding for this purpose one-third to the 
necessary storage capacity given in Table 
II., we have a total of 1,200,000 million 
gals., or nearly 200 milliard cub. ft. 

The important question next arises 
as to how the further supplies of water 
now lacking may best be obtained. 

In order that the outlines of this great 
problem may be appreciated, it is neces- 
sary to look beyond the boundar es of 
Egypt proper, and to see what are the 
conditions affecting the supply of water to 
the Nile. First, we may briefly trace the 
course of the river from its head waters to 
Aswan, as shown in Figs. 2 and 3. 

Lake Victoria, the source of the White 
Nile, is an enormous natural reservoir, 
measuring some 230 mls. from north to 
south, and about 220 mls. from east to 
west, with a coast line of 2,000 mls., and 
an area of 26,000 sq. mls., that is, more 
than two and a-half times the cultivable 
area of Egypt. This inland sea lies in a 
region where rain falls all the year round, 
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3---LONGITUDINAL SECTION OF THE NILE, WITH SKETCH ELEVATION SHOWING LAKE TANA AND THE BLUE NIE, 
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and its catchment basin is fully 100,000 
sq. mls. in extent. Its capacity is so 
gigantic that the addition of 5,000,000 
million gals. of water would not raise the 
surface level by more than about 12 ins. 
The only outlet for water is at the Ripon 
Falls, where the Nile first appears as a river 
of between 400 and 500 yds. wide, with an 
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struction of a regulating dam. For nearly 
300 mls. the river races as a mountain 
torrent along a picturesque course ; at the 
Murchiston Falls it tears wildly through a 
rocky gorge, and makes a single leap of 
120 ft. to the depths below. Thence the 
river flows steadily on until it enters the 
narrow neck forming the northern end of 
Lake Albert. This lake is about 95 
mls. long by some 22 mls. broad. It 
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FIG’ 4.--DIAGRAM OF THE NILE VALLEY, SHOWING POSSIBLE 

STORAGE RESERVE IN THE EQUATORIAL AND ABYS6INIAN 

LAKES AND THE ASWAN RESERVOIR. 

The circles representing the lakes and reservoirs are propor- 
tionate to the volumes of water in reserve. 


estimated mean discharge of 190,000 gals. 
per second, and a minimum discharge of 
about 150,000 gals. per second. This 
point is extremely suitable for the con- 


has an area of 1,700 sq. mls. and a 
catchment basin of 135,000 sq. mls. 
The estimated discharge of the river 
on emerging from the lake varies 
between 125,000 and 250,000 gals. 
per second. 

Leaving the lake by a wide channel 
at the north-west corner, the river 
flows steadily along, forming a series 
of wide reaches, so that it may he 
almost said that the lake does not end 
until Fabongo is reached. Here the 
high lands approach the river, and this 
place has been suggested as the site of 
another dam. Beyond Fabongo the 
river again grows turbulent, and for a 
distance of fully a hundred miles it 
traverses a series of rapids. In the 
neighbourhood of Lado, the great 
plain is entered which extends up to 
and beyond Khartoum. For a dis- 
tance of 200 mls. below Lado, there 
is a more or less clearly defined 
channel, and then the swampy region 
is reached. Here the waters divide 
into various spills and _ channels, 
although there are two main branches, 
the Bahr-el-Gebel, and thé Bahr-el- 
Zeraf. It is certain that channels of 
adequate dimensions could be pre- 
served, even in this level country, if 
it were not for the masses of floating 





vegetation known as “‘sudds.” ‘The 
latter consist largely of papyrus and 
grasses torn away from the margins 
of lagoons, which being driven into 
the narrower channels of the river 
are compressed into solid masses, 
from 4 or 5 ft. to 15 ft. thick, and 
capable of supporting great weights. 
The effect of these barriers is to divert 
the waters and spread them over the land 
in immense volumes, causing the waste 
by evaporation and absorption of a large 
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proport on of the summer discharge. ‘The 
Bahr-el-Gebel passes on, and presently 
reaches the sluggish and evil smelling 
waters of the Bahr-el-Ghazal, the con- 
fluence resulting in the formation of the 
permanently submerged area, known as 
Lake No. Some 60 mls. north, the 
Bahr-el-Zeraf rejoins the main channel, 
and 30 miles lower the Sobat river 
contributes its waters to the Nile. Be- 
tween Fabongo and the mouth of this 
river fully 50 per cent. of the minimum 
discharge of the river is lost by evaporation 
and other sources of waste. Thencefor- 
ward and down to Khartoum, the river 
preserves a fairly clear waterway in a plain 
where red sandstone is predominant. At 
Khartoum, the Bahr-el-Azrak, generally 
known as the Blue Nile, effects a junction. 
The head reservoir of this important 
tributary is Lake Tana, which, situated in 
the mountains of Abyssinia some 5,650 ft. 
above sea level, has an area of 1,200 
sq. mls. This lake could possibly be 
made capable of storing a reserve of 
water large enough to supply the whole of 
Egypt during the summer. Some 200 
mls. lower down, the Atbara river enters 
the Nile, contributing in flood time large 
quantities of silt-laden water, so valuable 
for basin irrigation, and running quite dry 
in the months of summer. 

Beyond the mouth of the Atbara river 
the Nile flows down to Aswan, and thence 
to the sea in a clearly-defined channel, 
receiving no further contributions of water 
and losing much by evaporation. 

From this cursory and purely super- 
ficial glance at the main features of a 
gigantic problem, it becomes clear that 
more than ample supplies of water are 
available at the sources of the White Nile 
and the Blue Nile. But the trouble at 
present is that too much water is delivered 
during winter and too little during summer. 
The obvious remedy for this state of 
things is to be found in regulation of the 
great natural reservoirs from which pro- 
ceed the two main branches of the Nile, 
so that part of the surplus may be held 
back during seven months of the year, 
and discharged during the remaining five 
months. In addition, it is necessary that 
improvements should be carried out for 
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the purpose of confining the river to its 
channel, and so of preventing the tre- 
mendous waste now occurring in the 
swampy regions between Lado and the 
mouth of the Sobat river. 

By building a dam at the Ripon Falls, 
to slightly raise the level of Lake Victoria, 
as proposed by Sir William Willcocks, 
a storage reserve of about 4,000,000 
million gals. of water might be held up. 
A further reserve of a like amount would 
become available by cutting down the 
sill at the Ripon Falls, to permit water 
to be drawn off below the normal level. 

Further, by constructing a dam at 
Fabongo, to raise the level of Lake Albert 
by about 12 ft., a second reserve of some 
4,000,000 million gals. would be created 
for discharge in summer time. 

By the construction of two such dams 
it would probably be possible to ensure a 
discharge at Fabongo of 500,000 gals. per 
second at any season of the year. 

Owing to the existing condition of the 
swampy region between Fabongo and the 
Sobat, a large proportion of this volume 
would be lost, but the additional discharge 
would fully compensate for waste. Dr. 
Schweinfurth, the well-known African 
traveller, believes the waste of water in 
the region named to be fully three times 
the quantity of water required by Egypt 
for a whole year, and he contended in 
1899, that if the main stream of the Nile 
were widened and kept full by closing 
various “spills,” the greater part of the 
water would become available for the 
supply of Egypt. Sir William Willcocks 
also advocates the closing of all spills, and 
the execution of river training works in 
the sudd region. Such works as these 
are essential accompaniments of the reser- 
voirs suggested by the lakes, and they 
would prevent the stagnation that produces 
the ‘green water” to which the inhabitants 
of Cairo and other places have so just an 
antipathy. While the complete regenera- 
tion of the swampy regions would neces- 
sarily occupy a period of many years, 
much advantage is to be expected from 
the sudd-cutting operations commenced 
in 1899. Thanks to the. energy of the 
Public Works Department there is now a 
working channel, too ft. wide by 15 ft. 
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deep, down the Bahr-el-Gebel, and when 
this has been further widened and 
deepened the flow of water will be 
proportionately increased. 


Table IV.—Estimated Discharge of 
the White Nile. 


(Jn million gallons per second. ) 





Mean. 


Minimum. 


Place. Maximum. 





220,000 
250,000 
375,000 
940,000 44,000 
| 3,000,000 | 44,000 


190 000 
190,000 
250,000 
375,000 
625,000 


Lake Victoria 
Lake Albert 
Sobat Mouth 
Khartoum 
Aswan 


150,000 
125 000 
62,500 





Table IV. gives approximate discharges 
at different points on the White Nile. It 
will be seen that the mean discharge at 
Lake Victoria would be sufficient for the 
entire supply of Egypt, if it were not for 
waste by evaporation and other causes. 
By the establishment of regulating dams 
at the great lakes, it would become pos- 
sible to diminish the discharge in winter, 
and to increase it in summer, thereby 
affording regulation from month to month, 
or from season to season, in any given 
year. The superfluity due to years of 
abundant rain would be stored up in the 
two lakes for use during years of little rain, 
thus balancing the supplies from year to 
year in a given cycle of years. Assuming 
waste in the swampy regions to be some- 
what reduced by preliminary river *im- 
provements, a discharge of 330,000 gals. 
per second at Lake Albert would assure a 
supply of about 125,000 gals. per second 
at Aswan, but the final re-organisation of 
the river channel should result in so great 
a saving that 150,000 gals. per second 
might be anticipated. 

More than enough water could be abso- 
lutely ensured for Egypt at all times by the 
construction of the works mentioned. 

Another project which has often been 
discussed of late years, either as an alter- 
native or an addition to the equatorial 
scheme, is the conversion of Lake Tana 
into a great storage reservoir. From an 
engineering standpoint, there is no diffi- 
culty whatever in raising the level of that 
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lake. A dam, 1o ft. high, at the rocky 
outlet would hold up a third of the annual 
rainfall, thus storing a reserve of fully 
1,300,000 million gals. of water. ‘lhis 
volume would provide a discharge of 
about 200,000 gals. per second for 75 
days in summer, and after allowing for 
evaporation would give a supply amply 
sufficient for the whole of Egypt. The 
only difficulty in connection with a storage 
reservoir in Abyssinia is of political.origin, 
for it is not unreasonably thought that it 
would be unwise to place the water supply 
of Egypt in the territory of a foreign ruler. 
For the moment it is only necessary to 
point out that Lake Tana affords all the 
physical conditions essential to the realisa- 
tion of such an enterprise. 

Fig. 4 is a diagram of the White and 
Blue Niles, from their sources to Aswan, 
the reserve storage of the existing and 
suggested reservoirs being drawn to a 
uniform scale for the purpose of ready 
comparison. It will therefore be under 
stood that the circles represent neither 
the relative areas nor total capacities of 
the lakes and of the Aswan reservoir. 

There is no reason why reservoirs 
should not be established both in Abys- 
sinia and in the equatorial district. A 
reservoir in Abyssinia and irrigation works 
on the Blue Nile would permit the de- 
velopment of the country traversed by 
that ‘river, in addition to giving further 
supplies to Egypt. Such works might be 
commenced and completed with a mini- 
mum expenditure of time and money, and 
the pressing needs of Egypt would be 
suitably relieved. Ample time would 
thus be given for the preparation and 
execution of a comprehensive scheme 
for dealing with the White Nile in such 
manner as to afford an alternative supply 
of water to Egypt completely under British 
control; to permit the agricultural de- 
velopment of the Sudan from Khartoum 
southwards ; and to throw open an un- 
rivalled highway for navigation from Cairo 
to the Equator. 

The recent completion of the Nile 
reservoir works, and the vast improve- 
ments effected in the irrigation and drain- 
age systems of Egypt generally, have 
opened the way for further enterprise. 
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Perennial irrigation is already being intro- 
duced in Upper Egypt, and in due time 
it will spread along the whole length of 
the Nile valley. Basin irrigation will 
probably be employed for renewing the 
fertility of the waste lands and swamps 
near the Mediterranean, so that in due 
time they may share the benefits of 
perennial irrigation with the rest of the 
Delta. 

The whole question of exact river dis- 
charges and additional reservoir works 
has now been taken up by Sir William 
Garstin, the capable and energetic Under- 
Secretary of State for Public Works, and 
while it is impossible to predict what 
course may be followed, the people of 
Egypt may rest assured that the measures 
ultimately accepted will be wisely con- 
ceived, and that when once commenced 
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they will be advanced with energy and 
determination until brought to a success- 
ful issue. His report should mark an 
epoch in the development of the irrigation 
of the Nile valley. 

At the present day the prospects of 
Egypt are brighter than they have ever 
been. Her cultivated area will soon 
approach that existing in Roman times, 
but two crops a year will be obtainable 
where formerly only one was possible. 
After centuries of misrule and neglect, 
Egypt has emerged from misery and 
chaos into prosperity and order, and is 
now about to enter upon a period of 
unparalleled progress, when the splendid 
work accomplished under British con- 
trol will be eclipsed by still greater 
triumphs of statesmanship and engineer- 
ing skill. 


W. N. TWELVETREES, M.I.Mech.E. 
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NOTES ON LOCOMOTIVE 
AND RAILWAY ENGINEERING. 











The writer of the following Notes—the continuation of which as a permanent 
feature of FEILDEN’S MAGAZINE has been decided upon and duly announced 
by the Editor—approaches the task of presenting what it is intended shall form a 
general monthly résumé of the World’s Progress in matters relating to locomotive 
and railway engineering with a great desire to render the matter selected for 
treatment under this heading of value to all those who, for various reasons, take 
a special interest in the subjects. 

The manufacturer of locomotive engines and railway plant who views the matter 
mainly from a commercial standpoint, the designer and purchaser (either as one 
or as separate individuals) whose chief concern lies in the direction of the results 
obtained from the finished article, as well as the independent observer, represented 
by a large and increasing number, will all, it is hoped, find items having reference 
to the particular phase of the subject which most interests them, and the writer 
wili at all times be pleased to hear from readers upon matters of general interest 
coming within the scope of these columns if they will communicate with him, 
c/o the Editor. 


—————————o~——___——— 


Classification of 
Locomotive Types. 


THE system which has been adopted in the 
United States for denoting the various types 
of locomotives has much to commend it, as 
it indicates at a glance, by the aid of a few 
figures, one of the principal characteristics 
of a locomotive, viz.: the number and dis- 
position of its wheels, thus affording a rapid 
means of identification. Thus what was 
previously known as an “American” type 
engine is now referred to as belonging to 
type 4-4-0, the figures being counted from 
the leading end of the locomotive, whilst the 
term “Atlantic” and the designation 4-4-2, 
convey precisely the same meaning. 

Nothing could be more easy to understand, 
nor more generally adaptable to varying cir- 
cumstances than this simple and businesslike 
method of classification, which it is to be 
hoped will be brought into general use in 
this country before very long. 

The system is capable of being extended 
so that it is possible to ascertain, with equal 
facility, the number and position of the 
cylinders as well as those of the wheels. 
This could be effected by introducing addi- 
tional figures and letters and adopting a 
mode of expression after the style of a simple 
formula to indicate the desired meaning. To 
illustrate this, it may be assumed that a six 


wheels coupled bogie engine, with outside 
cylinders, is under discussion. This, accor- 
ding to the new rule in its extended form as 


suggested, would read oo an eight 


wheels coupled goods engine with four cy- 
linders, of the type commonly employed on 
the London & North Western Railway, 
o-8-o, 
o7—12 
Midland compounds would be described as 
+> 
o?—]} 


would appear thus whilst one of the 


and so on. 


It would hardly be possible to so vary the 
formula as to shew by its use that, in some 
cases, the cylinders are separated as in the 
Glehn and earlier Webb compound loco- 
motives, as this would tend to complicate 
matters. It does not appear, however, that 
the additions suggested above would have 
this effect, at any rate in a sufficient measure 
to introduce the drawbacks referred to, 
whilst the use of the few extra figures would 
enable one to quickly ascertain the number 
of the cylinders employed and their posi- 
tion with relation to the frames. 


Increasing popularity 
of the 4-6-0 type. 


The steady advance in popular favour of 
the pattern of locomotive known as the six- 
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coupled bogie, or 4-6-0, type suggests that 
upon many railways conditions of a kind 
which favour the adoption of this design of 
engine are either existing at the present 
time, or in a fair way of becoming prevalent 
in the near future. The latest British loco- 
motive Superintendent to introduce the type 
is Mr. James Manson of the Glasgow and 
South Western Railway. This gentleman 
has designed and the North British Loco- 
motive Company have recently completed, 
several engines of the class illustrated on this 
page, and these have been put into service 
on the Glasgow-Carlisle section of the rail- 
way in question, for hauling the fast and 
increasingly heavy express trains forming 
the through connection between London 
(St. Pancras) and Glasgow in conjunction 
with the Midland Company’s route. The 
number of important British railways upon 
which locomotives of this description have 
been introduced during recent years is now 
increased to seven by this latest addition to 
the list, and it will not be at all surprising if 
others follow suit before any great length of 
time has elapsed. 

In districts abounding with severe gra- 
dients, over which heavy train loads have to 
be transported at relatively high rates of 
speed, the 4-6-0 type finds its highest sphere 
of usefulness, but even in cases wherein the 
first-named condition is absent in its most 
pronounced form the six-coupled engine 
may be used with great advantage. The 
increased hauling capacity and higher accel- 
eration which is secured by its employment 
renders it superior to the four wheels coupled 
type under the special conditions referred 
to, whilst in the matter of speed, when 
circumstances are favourable to its develop- 
ment, such as on level stretches ‘and down 
grades it has been demonstrated on repeated 
occasions that the six-coupled type is able 
to approach within measurable distance of 
the best performances of its four-coupled 
contemporary, provided of course that the 
diameter of the wheels is approximately the 
same in both cases. 


OAT AER TE SS ERS SSS 


FENLDENS 


nee 


cs pete 


g pressure, 180 lbs. per sq. inch. 


eating surface, 1,852 sq. ft. 


Workin 
Total h 
117 tons, 
a 





PO TR SS re ee 


Total weight of engine and tender (in working order), 
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y 26 ins. stroke. 


GLASGOW AND SOUTH WESTERN SIX-COUPLED BOGIE (4—6—o) EXPRESS PASSENGER LOCOMOTIVE. 
, diam. 6 ft. 6 ins. 


The latest Drummond 
design. 


The growing importance of the London 
and South Western railway which, within the 
space of a few years has been forced, by dint of 
enterprise and energetic management into 
the front rank among British railways, has 
provided ample scope for development in 
matters relating to locomotive design as 
practised by that able and exceedingly up- 
to-date engineer Mr. Dugald Drummond, 
whose name will always be inseparably asso- 


Cylinders, diam. 20 ins. b 


Coupled wheels. 
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ciated with the many improvments which 
he has brought about in locomotive practice 
in the shape of water tubes for boilers and 
fireboxes, a novel form of spark arrester and 
fuel economiser, and other less prominent 
but highly valuable inventions all tending to 
increase the operative efficiency of the en- 
gines to which they have been applied. The 
present year has witnessed some remarkable 
accelerations on previous timings between 
Waterloo and Salisbury, Exeter, Plymouth, 
and other Western centres, to which service 
improvements the Great Westérn Company, 
as might be expected, have not been slow to 
respond. ‘Therefore the need for locomo- 
tives possessed of the highest qualities of 
power and speed, and able to cope with the 
increased stringency of the conditions which 
are called into existence by the running of 
these faster trains is very strongly in evi- 
dence at the present moment. West of 
Salisbury the difficulties of haulage are of a 
character not easily disposed of. Severe 
gradients are frequently met with and the 
general conditions are such as to render the 
transportation of modern loads anything but 
an easy task. To meet the extra demands 
Mr. Drummond has recently brought out a 
new class of locomotive which although 
bearing a strong resemblance to his previous 
designs has many features which differ there- 
from. The engine may perhaps be described 
as a connecting link between the two exist- 
ing classes of four-coupled passenger engines 
of the “water-tube” type, viz. the express 
locomotives with 6-ft. 7-in. wheels and the 
mixed-traffic series with 5-ft. 7-in. wheels. 
No. 395 (the engine illustrated) is also, 
strictly speaking, a mixed-traffic locomotive, 
but the diameter of the coupled wheels is 
such that it will be better suited for the 
speeds required than the preceding 5-ft. 7-in. 
class. Mr. Drummond has kindly placed at 
the writer's disposal some interesting par- 
ticulars relating to the new engine and the 
work which it, and others of the same pattern, 
have been built to perform. From these it 
appears that the average load to be hauled 
over maximum gradients of 1 in 70 and 1 
in 80 is 200 tons, at a scheduled speed of 534 
miles per hour. This represents work of an 
exceedingly trying character and calls for 
the development of great power on the part 
of the locomotives engaged, therefore the 
boiler and cylinder capacities have been aug- 
mented in the 395 class and the weight on 
the coupled axles increased. The double 
bogie tender carries 4,000 gallons of water 
and 4 tons of coal. Considerable interest 
attaches to the method employed for bal- 
ancing the cranks in these engines. By 
referring to the illustration it will be seen 
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that the crank webs are prolonged to form 
balance weights, and it will also be noticed 
that the wheels are not provided with the 
usual rim weights, these being unnecessary 
as all the revolving and part of the recipro- 
cating masses are balanced in the axle and 
in the planes in which the disturbances are 
created. Thus the axle is relieved of the 
destructive stresses caused by the balancing 
in the wheels. The material used is mild 
steel throughout, the crank web pins being 
hollowed, as will be gathered from the illus- 
tration. The writer commends this pattern 
of crank axle, which, it should be added, has 
been patented by Mr. Drummond, to the 
serious attention of locomotive 

engineers on the other side of 

the Atlantic. 


Advent of the 
de Glehn Compound. 

By the time these notes are in 
print the Great Western Com- 
pany’s de Glehn Compound loco- 
motive will in all probability be 
completed and ready for de- 
spatching to this country. The 
latest information at the time 
of writing is to the effect that 
delivery may be expected early 
in September, so before October 
is far advanced, some working 
results should be obtainable. 
Meantime we will glance at what 
is claimed for this design of 
locomotive, and the groundwork 
upon which those claims are 
based, taking for our a 
Mons. de Glehn himself, a 
long and _ highly ieeepentinn 
article contributed by him, to 
the pages of one of the leading 
American engineering Journals.* 

The Author commences by re- 
ferring to the marked hostility 
shown towards his engines at 
the time of their introduction on the score 
of complication of parts to which character- 
isti¢, as he truly remarks, many engineers 
are strongly opposed; Mons. de Glehn, 
on the other hand, records his personal 
belief that such complication is not only 
necessary, but indispensable to progress and 
the development of methods which have 
proved to be successful. Continuing, he 
argues with much force that nearly all 
mechanical advancement has been brought 
about by and with increased complication, 
and states that his reason for adopting four 
cylinders with separate distributions and an 





* American Engineer & Railroad Fournal, 1¢02, 
Sept., p. 265. 
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intercepting valve was that, with a very 
definite idea of what it was he wished to 
attain thereby, and after an experience ex- 
tending over many years with a number of 
express engines on all the French main 
lines, he had come to the conclusion that 
the type of engine best suited for the real- 
isation of the aims, he had in view was that 
in which the whole of the above features 
were incorporated. By dividing the engine 
and valve gears, he says, you double the 
number of parts, thereby halving the work 
which each part has to do, and at the same 
time you have more room and can thus 
afford to give larger wearing surfaces ; and 


BALANCED CRANK AXLE OF L. AND S.-W. RAILWAY ENGINE NO. 395. 


moreover a better distribution of the strain 
over the frames themselves is brought about 
by separating the cylinders and gear. The 
advantages claimed by Mons. de Glehn for 
locomotives built upon his system are as 
follows :— 


(1) Maximum rapidity and certainty in 
starting. 

(2) Greatest power for a minimum of 
weight. 

(3) Maximum smoothness of running at 
high speed. 

(4) Maximum adaptability to varying 
circumstances. 


He attributes the facility in starting away 
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Total heating surface 2,421 sq. ft. 


per sq. in. 


Working pressure 180 lbs, 


e 82 tons g cwt. 


Coupled wheels dia. 5 ft. 9 ins. 


Cylinders 20 ins. dia. x 26-in, stroke, 


Total weight of engin 
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to the presence of the intercepting valve, 
as this allows of the exhaust from the 
high-pressure cylinders being directed 
from the receiver to the exhaust pipe, 
so that steam can be introduced simul- 
taneously to both pairs of cylinders; 
therefore you have what is virtually two 
engines (four cranks), one high and the 
other low pressure. By means of the 
intercepting valve the engine can be 
used with the high-pressure cylinders 
alone, or with the low-pressure cylinders 
alone, in case of accident to either pair, 
and when starting on a bank it is possible 
to exert an exceptional pull, by resorting 
to the expedient of admitting boiler steam 
to both pairs as before mentioned. 

The author asks whether it is. possible 
to figure out the exact value of the 
advantages claimed so as to see how 
they count in comparison with the dis- 
advantages of the increased number of 
parts; and significantly adds that it 
would perhaps be possible under one set 
of circumstances and for one line or 
country, but then the comparison might 
not hold equally good for other and 
different circumstances. As to the pre- 
cise value of the advantages set forth, 
opinions may differ, but it can hardly 
be said that they are unimportant. It 
is with this last phase of the subject 
that we in England are principally con- 
cerned just now in view of the forthcom- 
ing trials. Every engineer in the country 
will no doubt follow the working of 
the French engine with interest. Many 
opinions have been expressed as to the 
= ey outcome of the impending trials, 
ut all agree that the highest value 
attaches to the experiments. 


A Notable 
British Triumph. 

The North British Locomotive Com- 
pany are to be heartily congratulated 
upon the important successes which they 
have scored in the face of the keenest 
American and Continental competition. 
Towards the close of 1902, Messrs. Neil 
son Reid & Co. (since incorporated wit 
two other firms under the title referred 
to), secured the contract for 12 loco- 
motives for the Canadian-Pacific Railway. 
This number was subsequently increased 
to 32, and in July last a further order 
from the same quarter for 20 locomotives 
of a different pattern found its way .to 
Glasgow. Nor does this represent the 
extent of the Company’s recent opera- 
tions in respect of contracts for abroad. 
Besides others, the Natal Government 
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Railways and the Mexican Central Railway 
—for both of which large numbers of tank 
engines are in course of construction—may 
be cited, whilst among Indian railways the 
Bengal-Nagpur, East Indian, and Bengal 
North Western, have each received large 
consignments of locomotives from these 
well-known builders. The order for the last- 
named railway, consisting of 30 locomotives, 
was completed and the engines delivered 
fully three months before the stipulated 
time, a circumstance which drew from the 
managing director of the railway company 
concerned a congratulatory letter, expressing 
the thanks of the Board for the prompt and 
satisfactory manner in which the work had 
been carried out. 

This calls to mind a certain other Indian 
locomotive contract of quite recent times, 
which was secured by Germany, with the 
promise of delivery months before any 
British manufacturer would undertake it. 
The sequel will no doubt be equally fresh 
in the memories of those who followed the 
course of events at the time. Those who 
have forgotten what took place as a result of 
this contract going to the Continent, may 
be reminded that at the time when the /as¢ 
of the engines should have been delivered in 
India, the frst of their number had not 
even left the builder’s works in Germany, for 
the unsatisfactory reason that the materials 
which the contractors proposed to put into 
the engines were rejected again and again 
by the customer’s inspector, on the grounds 
of inferiority and indifferent workmanship. 

Reverting to the subject of the Canadian- 
Pacific contract, the idea has prevailed in 
some quarters that locomotive builders in 
Great Britain would never be able to com- 
pete on equal terms with American firms 
where the pattern of locomotive required 
was entirely American in design and me- 
thods of construction. This supposition has 
been entirely dispelled by the easeand rapidity 
with which the engines under notice have 
been built and the great satisfaction which 
the C.P.R. authorities have expressed at the 
result of employing British labour. A glance 
at the illustration on page 226 will suffice to 
show that the locomotives are strictly in 
accordance with American standards, and 
embody all the fundamental characteristics of 
transatlantic practice. An opportunity is 
now presented of seeing whether the ad- 


mitted superiority of British-built locomotives 
in respect of economical operation and 
greater durability is due to the design or the 
workmanship. , 

Everyone who has the interests of British 
trade and commercial supremacy at heart 
will no doubt find cause for much satisfac- 
tion at what has been achieved. 


The “‘ Great Central” and London. 


The operations of the above Company 
in the home counties at the present time 
include constructional works in Middlesex 
and Buckinghamshire, the contracts being 
for about 6 miles in the former and 15 miles 
in the latter country. The main object 
which the Directors have in view is that of 
avoiding the Metropolitan Railway, over which 
the Great Central trains at present have to 
run for a distance of upwards of 4o miles 
before reaching the outskirts of London. 
The existing line between Marylebone and 
Kingsbury-Neasden will remain as it is and 
will continue to provide access to the ter- 
minus, this length being exclusively Great 
Central property, but at Neasden the new 
line commences, and, bearing away in a 
westerly direction, reaches Northolt at about 
103 miles from London. Here a junction is 
effected with the Great Western Co.’s new 
line, also in course of construction, from 
Acton to High Wycombe. This length will 
be worked as Great Western & Great Central 
Joint railway, as will also the 8} miles of 
existing Great Western line between High 
Wycombe and Princes Risborough. At the 
latter place the Great Central trains will 
diverge, and, after traversing the 15 miles 
previously referred to, will strike the Com- 
pany’s existing main line at Grendon Under- 
wood, which is situated about midway between 
Quainton Road and Calvert. 

Through the courtesy of Mr. C. A. Row- 
landson, the chief Engineer of the Great 
Central Railway, the writer was recently 
afforded an opportunity of inspecting the 
new Works in the London district, under the 
able guidance of Mr. A. W. H. Casson, the 
Resident Engineer, and Mr. James Scott, 
agent for Messrs. Thos. Oliver & Sons, the 
contractors who have the Neasden-Northolt 
section in hand. The particulars obtained 
on that occasion will be given, together with 
illustrations, in next month’s “ Notes.” 


C. S. LAKE. 
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The “ Houille Blanche” 
Congress in France.__.._ah 
By M. F. LOPPE. 


(Member of the Société des Ingénieurs Civils de France.) 


Avignonnet Power Station. 


THIS power station is intended to supply 
energy according to the industrial needs 
of the localities situated in the neighbour- 
hood of Vienne, and also to the Mines de 
la Mure. The station is somewhat similar 
to that of Drac, but differs from the latter 
as much from an hydraulic as from an elec- 
trical point of view. At Avignonnet an 


important dam has been erected across 
the river, and the current is fed directly 
to the line tension, without intermediate 
transformers, by alternators which can, 
according to their method of coupling in 
star or in triangle, feed either at 15,000 or 


26,000 volts. This is the first time that 
this voltage has been obtained directly 
from any alternator. 

Hydraulic Installation.— The dam is 
constructed at Avignonnet Gorge, above 
the Mure. This dam (Fig. 32) hasa height 
of 20 m., not for the retention of water— 
for the dam has been rapidly silted up 
by the enormous scouring process of the 
Drac river, the basin of which has been 
pretty completely denuded — but for 
augmenting the available height of the 
fall. 

The width of the dam at the top is 
4°75 m., and has a backing of 24 m. at the 
base. It is constructed of masonry with 
hydraulic cement. 

The sluice (Fig. 33) is fitted with a vane 
7m. by 9 m., and its sill is situated 2°30 m. 
below the surface of the intake reservoir, 
and is prolonged, as shown in Fig. 32, by 
a canal. 

The construction of the dam presented 
great difficulties. The river was diverted 
by means of a canal of 80 m. long drilled 
through the solid rock, which emptied the 
water below the prolonged sluice canal 


(Continued trom page 42.) 


above shown. It was hoped that the 
dam could be erected on the river bed, 
but this was found to be impossible, and 
a foundation of some 8 m. had to be 
excavated, and piles were driven to a 
further depth of 3m. A small road was 
made to the dam works, and a transporter, 
with a difference of level of 300 m., was 
constructed to bring the building materials 
to the spot, as these were unavailable in 
the district. For operating the transporter 
and also the suction pumps, etc., a small 
power station of 100 h.p. was erected, and 
worked by means of a small waterfall in 
the neighbourhood. 

At the end of the intake is a canal, 
800 m. in length, with an overflow of 65 m. 
to the river. This canal is of rectangular 
section 4 m. wide and 2°30 m. high, 
with a circular arch top and smooth 
cement sides and bottom. It ends 
in the charging chamber. From this 
chamber start two conduits, of 2°30 m. 
in diameter, supplying the station. The 
height of the fall varies from 23°50 m. 
during times of low-water, to 18°50 m. 
during high-water; and the minimum 
power on the turbine blades is 4,000 h.p., 
and can attain 7,500 h.p. 

Power Station.--The ultimate compo- 
sition of the power station will be seven 
groups of Picard & Pictet turbines of 
the free derivation type, direct-coupled 
to Creusot alternators of 1,750 kilowatts. 
There are now installed three of these 
groups. The alternators are of the 
fixed armature revolving field type. 
As the transport of the parts to the 
power station was a serious matter, no 
single part weighs more than 5 tons. 
In order to conform to this condition the 
field is composed of two cast-iron wheels, 
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between which is held a crown of cast- 
steel, carrying the pole-pieces, of which 
there are 24. 

' The speed of the group is 250, and the 
frequency is 50 cycles. 

The field-winding is formed of a copper 
ribbon wound on edge in helical form, the 
coils being insulated by sheets of specially 
prepared paper. The coils thus formed are 
held in position by pole tips fixed to the 
pole-pieces by bolts. The coils are wound 
in series for a current of 500 amps. at 
100 volts. Six-pole exciters are carried on 
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allow the armature to be turned on itself, 
around the axis of the alternator, so that 
the necessary parts may be’ exposed to 
make repairs or replacements of the coils. 
Spaces are allowed between the coils for 
ventilation and cooling. The armature 
carries 144 slots, in which lie the 72 coils 
constituting the three phases of the alter- 
nator. These phases are wound in such 


a manner as to leave between them and the 
mass large spaces, to avoid short -circuits. 
The three phases may easily be grouped 
together either in triangle (to obtain a 


FIG. 33. AVIGNONNET POWER STATION: OUTLET AND INTAKE VANES. 


the ends of the shafts. The fixed arma- 
ture is made of a cast-iron ring, divided 
into four parts, each comprising two flanges 
holding the laminations, and firmly bolted 
together. The armature is set on two 
cast-iron caissons, and two jack-screws are 
supplied which facilitate the horizontal and 
vertical adjustments of the armature in 
order to obtain exact centering of the 
field. The lower part is carried on two 
rollers mounted on jack-screws, which 


tension of 15,000 volts) or in star (to 
obtain 26,000 volts tension). The bus- 
bars are copper bars mounted on porcelain 
insulators. 

All the conductors connecting the ma- 
chines to the switchboardare placed unde r-- 
ground in conduits which are of sufficient 
size to permit easy inspection. The low-ten- 
sion wiring for the excitation is formed of 
lead-armoured and insulated cables carri ed 
in conduits underground. The high-tensi on 
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wiring is made of highly insulated cable 
carried on three-petticoat insulators carried 
from the machine to the switchboard and 
thence to the transmission line. 
—. There are two switchboards in the 
station, one for the alternators and the 
other for the line. The front of the 
switchboard is composed of marble slabs 
with wooden framing, and carries only the 
measuring and controlling apparatus, the 
current for these being supplied by the 
low-tension wiring. 

The high-tension cables and apparatus 


permits the two systems to be connected 
together at will. 

Each machine panel carries (1) For the 
excitation: one ammeter, voltmeter, and 
excitation rheostat, and a field switch. 
(z) For the armature of the alternator 
itself is furnished an ammeter, voltmeter, 
and a three-way switch, one synchro- 
nising voltmeter and one _ synchroniser 
with six lamps and a two-way switch 
allowing coupling the armature to any one 
of the bus-bar systems. The whole of the 
current output from each set of bus- 


FIG. 34.—BIRD'S-EYE VIEW OF THE VOLTA STATION. 


are installed on a metal framework, on an 
extension of the switchboard. 

The Machine Switchboard has a length 
of 14 metres, and includes the machine 
panels, all similar in every respect. Six 
metal bars, forming two distinct systems, 
are disposed on a metal framework behind 
the switchboard. One of these bus-bar 
systems is intended to effect the lighting 
service, and the other ,the transmission 
of power. Suitable switching apparatus 


bars passes through one of the general 
panels, each of which carries one voltmeter, 
one indicating wattmeter, and _ three 
ammeters. The high-tension side of the 
machine includes one potential and one 
current transformer and one switch, allow- 
ing the current to be cut off under load, 
and a set of cut-out fuses allowing the 
alternator to be coupled to one or another 
of the sets of bus-bars. 

The Feeder Switchback.—This is situated 
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FIG. 35.—VOLTA STATION: THE CHARGING CHAMBER. 


on the first floor of the station, and includes 
six outgoing panels. Two systems of bus- 
bar connections correspond to the systems 
on the machine switchboard, and are like- 
wise carried on a framework behind the 
panels. The service is made by means of 
the apparatus on this switchboard. Each 
panel of the outgoing line switchboard 
includes a switch, one current and one 
potential transformer, and a set of cut-out 
fuses, allowing the outgoing line to be 
connected to one or another of the systems 
of bus-bar connections. In front of the 
switchboard are disposed three ammeters, 
a wattmeter, and a recording meter. 

The two upper floors of the station are 
occupied by lightning arresters. Each 
outgoing line includes two systems of 
arresters connected in parallel. In the 
floor immediately above the outgoing 
line panel are placed Wurts’s lightning 
arresters, and in the upper story are in- 
stalled lightning arresters of the horn type. 
On each ground cable is installed a resis- 
tance and cut-out fuse. 


One three-phase 50-cycle transformer 
supplies current for the lighting circuit, 
and also furnishes power to the motors of 
the repair shop and to the pumps. 


Volta Station. 

This station is operated by a fall from 
the Isere, and is situated two kilometers 
above that of Moutiers (Savoy). It com- 
prises 19 buildings, covering an area of 
7,500 sq.m. (Fig. 34.) It is now an elec- 
tro-chemical manufactory of Outhenin- 
Chalandre for electrolysis of all saline 
chlorides. The intake is installed at St. 
Marcel, and is built for a maximum charge 
of 20 cm. per sec. The intake canal 
has a length of 3,750 m., and is nearly 
completely underground. Great difficul- 
ties were encountered in making this 
canal watertight, due to the nature of 
earth, and to subterranean rivers met 
with. Its section is 12 sq. m., and it 
is built entirely of masonry. The canal 
ends in the charging chamber, and in 
this chamber (Fig. 35) the water passes 
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through a perforated grating to prevent Chedde Power Station. 
the passage of leaves and branches of The intake of this station, on the Arve, 
trees, which the Isere carries in large is the same as that used for the Servoz 
quantity at certain periods. power station of the P. L. M. Fayet- 
The overflow of the charging-chamber Chamonix railway, which will be briefly 
empties itself into the Isere, and the described later. The water, after passing 
water in falling forms a fine cascade through the Servoz power-station, or 
(Fig. 36). directly from the intake, is led ina gallery, 
There is now installed one forced con- partly underground and partly open to the 
duit of 0°40 m. in diameter, and 250 m. in air, to the charging chamber C (Fig. 37), 
length, for the station disposes of only whence two forced conduits of 1°40 m. 


4,500 out of the total of 13,502 h.-p., which diameter, which run along the road D, 
it will ultimately furnish. The fall is of | from Geneva to Chamonix, and then 


74 m. height. along the Arve (Z), ending at the power 
In the station are installed nine generator _ station. The height of the fall is 140m., 
sets of 500 h.p. The turbines are of the and the volume can attain rocub.m. In 
free deviation type with horizontal axis, this electro-chemical factory are installed 
built by Brenier, Neyret & Company, and 12 generator sets, with turbines running at 
are coupled by elas ic couplings to the 230 revolutions per minute. The turbines 
dynamos. No regulator is provided. are of the Brenier-Neyret (Grenoble) build, 
Six of the generators are of Creusot and are free derivation, with horizontal 
construction, D.C. machines, and the axle. 
remaining three are Alioth generators, The D. C. dynamos are of 560 kilowatt, 


alternating current machines. with eight poles, four being of the 














FIG. 36.—VOLTA STATION} CONDUIT AND DISCHARGE FLOW. 
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Creusot construction, and four of the 
Société Alsacienne. The remaining four 
are made by the Alioth Society. 

The intake of this station being held in 
common with that of the Servoz station of 
the P.L.M. railroad, the cost-price per 
h.p. installed is as low as 13 frs. on the 
turbine blades, and 22 frs. at the terminals 
of the dynamo. This is probably the 
lowest price that could be made. 


Fayet-Chamonix Railway Line. 
This line has a length of 19 km., and is 


I-m. gauge. It unites Fayet station 
(Fig. 38), at the end of St. Gervais les 
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advisable to use single cars on the electric 
line, for fearof causing delays to passengers, 
in case more than one car-load wished to 
continue their journey. The trains are 
not, however, drawn by locomotives, but 
by motor-cars. ‘The ordinary train on the 
electric line comprises four passenger cars 
and one baggage van. The whole weighs 
go tons, and provides accommodation for 
128 passengers. The current is brought 
to the train by means of a third rail placed 
along the track at a distance of 1°085 m. 
from its axis. The top of the third rail 
(formed, like the track, of Vignole rail of 
12m. length, and weighing 34°4 kg. to the 
m.), is 0°23 m. above the 
level of the track rails. 
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This conductor rail is 
supported by a sleeper 
fixed to the cross-ties, 
and insulated therefrom 
by means of paraffined 
85" 50 wooden insulators. The 
rails are bonded at the 
ends by means of two 
copper bonds. of 2°4 cm. 
diameter, soldered at 
each extremity to a cast- 
iron stud. Good contact 
is made from the ends 
of the bonds by means 
of copper sheets pressed 
each side of the rail with 
bolts. At level crossings 
and at certain points in 
stations, the conductor 
rail is interrupted over a 











FIG. 27.—CHEDDE STATION: DETAILS OF FALL. 


Bains, to Chamonix, and the difference in 
level between these points is 457 m. 
(Chamonix is about 1,050 m. above sea- 
level.) There are two steep grades, one 
of 9 per cent. for a length of 2,155 m., and 
the other of 8 per cent. for 1,386 m. 
The other grades do not exceed 2 per cent. 
This line, which is the prolongation of the 
normal gauge line of the P.L.M. which 
ends at Fayet, is thus worked in a special 
manner. In fact, the passengers being 
brought to Fayet by the ordinary trains of 
the P.L.M. railway, it was not considered 





maximum length of 5 m., 
and the circuit is formed 
by a copper cable placed 
in a wooden conduit. 
In stations, in order to avoid danger to 
passengers and servants, the rail forming 
the conductor is protected with wooden 
planks. 

The lighting circuit is taken from the 
track serving as a current return; the 
bonding is effected on the track in the 
same manner as on the third rail con- 
ductor, but there is but one copper bond 
of 2°4cm. between two consecutive ends 
of rails. 

At a distance of every 500m. the two 
tracks are united by a copper cable. 
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Power Stations. 


Although the service on the line might 
have been accomplished by one station, it 
was thought advisable to ensure a constant 
service by installing one more. The in- 
terruption of service was apparently feared 
by reason of the inconstant nature of the 
river supplying power to the station. Both 
stations are used for the service. The 
first station is situated at Servoz, and 
the negative pole is connected to the 
track, and the positive pole to the third 
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Hydraulic Installation of the 
Stations. 


Servoz.—As above stated the intake is 
the same as for the Chedde station. This 
intake is situated at a point in the Arve 
where the river is divided by a rock, and 
the two arms are both supplied with a 
dam. The intake is situated in the rock 
itself, in the middle of the stream, and is 
protected by grating with three vanes. 
The decantation chamber is underground, 
with a length of 230m., and the water 





FIG. 38.—FAYET STATION: 


rail in immediate neighbourhood of the 
station. From the Chavants station eight 
cables are led. Four of these cables are 
connected to the negative pole of the 
machines and the track at the goth km. 
The other four cables are connected to 
the positive pole and the third rail con- 
ductor at the 11thkm. Between km. 11 
and the extremity of the line at Chamonix, 
the third rail conductor is doubled by a 
feeder cable. 


FAVET-CHAMONIX RAILWAY. 


attains a speed at the end of this chamber 
of 0°47 m. per sec., and the maximum 
intake is 8 cub. m. The decantation 
chamber communicates, by an under- 
ground gallery of 250m. in length, with 
the charging chamber of the station of the 
railway installation (Fig. 37). From the 
intake a discharge gallery is carried away 
direct to the Chedde power station, with- 
out passing through the Servoz station. 
From the charging chamber, sheet-steel 
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conduits are led away (sheet steel of 
0°95 m. diameter), to supply the station 


(Fig. 39). The height of the fall is 38 m. 

Chavants Station.—The dam in this 
case is three m. high, and is in the form 
of an arc with the convexity upstream. 
It is solidly abutted to the rock at either 
side of the river. The intake is formed 
by an opening, the bottom of which is 
2°40 m. above the bottom of the river, 
and it is furnished with grating and vanes. 
The intake chamber has a regulating 
apparatus, and communicated by a gallery 





FIG. 39.—SERKVOZ STATION: THE CONDUITS. 


of the length of 1,093 m., with the decan- 
tation-chamber of 123 m. in length, and 
thence is led by a second gallery of 1,055 
m. to the charging-chamber. 

From the charging-chamber two con- 
duits of sheet steel (0°80 m.d.) with a 
length of 450 m. end in the station. 

The height of the fall is 94 m., and 
the maximum flow of water is 12 c.m. 
per second. 


Machinery Iostalled in Stations. 
The two stations have installations pretty 
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much alike. The stations have two floors. 
The lower, or ground floor, includes the 
admission and discharge apparatus. The 
first floor is a machine room. Each 
machine room includes four six-pole D.C. 
dynamos (Fig. 40) of 200-kilowatt output, 
550 volts, operated by centripetal turbines 
with horizontal axis, built by Brenier & 
Neyret. Two four-pole dynamos, of 40- 
kilowatts each (Fig. 41), operated by cen- 
trifugal turbine with horizontal axis, .are 
used as separate exciters for the main 
generating sets. The service is assured by 
three of the 200-kilowatt main 
dynamos and one of the two 
40-kilowatt exciters. The re- 
maining 200 kilowatt machine 
is held in reserve. The turbine 
of 40-kilowatts operating the 
exciter is supplied with speed 
regulator with servo-motor. 
The turbines operating the 
200-kilowatt machines are not 
supplied with regulators. By 
a special shaping of the vanes 
in these turbines, their no-load 
speed is limited. At full-load 
they give 450 revolutions per 
minute, and at no-load they run 
at 580 only. The dynamos 
provided with constant excita- 
tion from the 40-kilowatt sets 
are also provided with a com- 
pounding effect which acts in 
such a way that, in spite of 
the diminution of the speed 
corresponding to the increase 
in load, the voltage at the 
points of junction of the feeder 
with the third rail conductor 
is always 550 volts. 


Rolling Stock. (Fig. 38.) 

The carriages have two axles, each 
equipped with an Alioth motor series, 
wound for 53 h.-p., 4 poles. In order to 
avoid all chance of slipping, the two 
motors are connected permanently in 
parallel. 

Each carriage is furnished with a con- 
troller with five steps, three of which have 
resistances in the circuit corresponding 
to the various starting phases. The fourth 
step corresponds to a speed of 30 k.m. 


























per hour on level. The fifth 
step corresponds to the series 
winding in order to obtain a 
speed on level of 40 km. per 
hour. The controller of each 
car may be hand-operated by 
the motor-man. In addition, 
when the carriages form a 
train, the controller of each 
car may be operated by the 
motor-man at the head of the 
train. Each motor-car includes 
a servo-motor, with compressed 
air, operating the controller ; 
and on the head car is installed 
a main servo-motor, or master- 
controller, for the simultaneous 
control of all compressed-air 
controllers. 

The servo-motor of each 
carriage is connected to the 
compressed -air reservoir of 
the car by two pipes, one serving for the 
forward direction, and the other for the 
backward or reversing motion. For either 
direction the motor-man may vary the 
pressure in either of the pipes, and thus 
cause all the controllers to take any desired 
position. Each carriage is supplied with 
an ordinary brake, with four shoes, acting 
on the wheels ; and also a rack-brake, act- 
ing on the central rail, on the grades of 
8 or g per cent. The two brakes may be 
hand-operated when the car- 
riage is running alone, either 
by the motor-man or by 
means of the compressed-air 
apparatus. 

The lighting of each car- 
riage is assured by incandes- 
cent lamps of 110 volts, placed 
five in series. To insure a 
constant voltage there is 
installed an Alioth regulator, 
by means of which three 
resistances can be _ brought 
into circuit, according to the 
intensity of the voltage. 

After a general meeting 
at Chamonix, in which -were 
voted several motions or 
propositions relating to the 
technical and administrative 
questions, the Congress was 
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FIG. 40.—FAYET-CHAMONIX RAILWAY: ONE OF THE MAIN GENERATING 


SETS. 


dissolved. One party of members, at the 
head of which was the President of the 
Congress, Mr. Pinat, took part in an 
excursion to Switzerland to visit the 
Simpion Tunnel works, the transmission 
of power at high voltage, direct current, 
at St. Maurice-Lausanne, the station at 
Vouvry, with a fall of 950m. in height 
(the highest in the world), and the 
hydraulic installations of the City of 
Geneva. 





FIG. 41.—FAVYET-CHAMONIX RAILWAY: EXCITER SET. 
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German Syndicates 
and British ‘Industries. 


In these days when the tariff problem 
is so prominently before the public, the 
influence of German commercial syndi- 
cates upon British industry deserves 
serious consideration, and the organisa- 
tions known in Germany as “cartels” 
should not be overlooked. A syndicate 
proper regulates both production and 
sale, doing away with all direct inter- 
course between producer and buyer, and 
controls the conditions of sale for an 
entire branch of manufacture through one 
central office. A “cartel” is an associa- 
tion which, while permitting individual 
production by the firms concerned, limits 
freedom of action. The organisation of 
both classes of syndicate has been ren- 
dered possible by modern facilities of pro- 
duction and locomotion, and their primary 
object was simply the regulation of supply 
and demand. Within recent years this 
purpose has been made subservient to 
that of augmenting prices in the home 
market, and of reducing them in foreign 
markets. During the recent commercial 
boom in Germany, the syndicates were 
able to run prices up to a very high point, 
as customers were glad to purchase at 
almost any rates. The prospect of large 
profits, suggested by the success of this 
policy, called into existence a number of 
large manufacturing establishments for 
which there was scarcely room, and 
certainly no real need. At the same time 
the syndicates were in a position to force 
their customers to make contracts extend- 
ing over long periods, when prices were at 
their highest. Therefore, when the boom 
was on the wane, customers were obliged 
to pay prices for raw material and partly- 
finished goods out of all proportion to the 
prices obtained for finished products. 
This position was not at all satisfactory 
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for small manufacturers of various kinds 
of goods, but the syndicates managed to 
protect themselves, while the strength of 
their position was increased by the prac- 
tice of granting private export bounties, 
and of reducing stocks on the home 
market by sales abroad at ridiculously low 
rates, the latter practice being rendered 
possible by the fact that the prices charged 
in the home market were high enough to 
secure an average profit on the gross turn- 
over. The same policy is still in evidence, 
with the result that so far as Germany is 
concerned, the foreign market is supplied 
at the expense of the home market. 

The theory held by the syndicates is 
that foreign customers are necessary for 
the purpose of providing an average 
reduction in the cost of production, and 
that such foreign customers can only be 
secured at the world’s market rate. We 
have no fault to find with this theory, 
which is entertained and acted upon by 
our own manufacturers with a consider- 
able amount of success. It is a striking 
fact that British manufacturers are able 
to sell their goods in foreign markets at 
current rates, in spite of hostile duties 
and the additional cost of transport. 
With German manufacturers the case 
appears to be different. Their products 
cannot be sold to the desired extent at 
the world’s market rate. German sellers 
have been so anxious to do business that 
they have felt constrained to undersell 
the rest of the world. This operation 
has been effected by means of the arti- 
ficial prices exacted from customers in 
Germany, and the result is that outside 
market rates have been reduced. In- 
stances of sales at absolutely absurd 
prices are contained in various trade 
reports, one of the most glaring being 
that of the German Wire Tack Manu- 
facturers’ Syndicate, mentioned in a 
consular report issued last month by 
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the Foreign Office. In six months’ trad- 
ing this syndicate made a profit of 
£60,000 on the home market, and lost 
no less than £42,950 by foreign sales. 
There is no sense in this, even from the 
Teutonic standpoint, and it would pay 
very much better to do a smaller trade 
at legitimate rates on the home market. 

But the trouble is that Germany has 
built and equipped too many factories, 
and is now obliged to find an outlet for 
goods at any price. This applies to 
almost every branch of industry, for 
Germany has become a veritable land 
of syndicates; in fact, in 1902 there 
were no fewer than 450 of such associa- 
tions. The legitimate object of protective 
duties has been diverted from that of 
benefiting the people of the protected 
country. Customs duties are made the 
lever for getting an extra turn on the 
screw. Home prices are raised by the 
all-powerful syndicates to the highest 
possible point, but are always just a little 
below those necessary for foreign goods, 
which, beyond the cost of production, 
have to include customs duty, freight, 
and other incidental charges. We are 
more particularly concerned with the 
effect of these developments on British 
export trade, but it may be interesting 
to note, in passing, their influence in 
Germany itself. 

Small manufacturers who buy partly- 
finished products have to pay exorbitant 
rates, and in’ many cases it is actually 
cheaper to re-import German _ material 
from Holland, or even to transfer factories 
to that country, because raw material can 
be obtained more cheaply there. So 
extravagant have the abuses of the syn- 
dicates become that a commission has 
been appointed by the German Govern- 
ment to inquire into their working, this 
step having been hastened by representa- 
tions made by the Russian Minister of 
Finance. 

From these statements it will be seen 
that the United States is not the only 
country suffering from the arbitrary and 
unjustifiable action of powerful industrial 
combinations, in whose hands the well- 
meaning regulations of a government are 
turned into instruments of oppression. 
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We have no right to complain if duties 
are imposed by foreign nations for the 
purpose of helping feeble industries to 
stand up against British competition. We 
may even flatter ourselves that the world 
fears our competition, for there is no 
country that dare admit our goods to its 
markets without the exaction of toll; and 
this in spite of the fact that we are in 
every case at a disadvantage owing to the 
cost of freight, and further, that we are 
without the artificial aids afforded to ex- 
porters in other countries. To take an 
example, the competition of British coal 
is a considerable source of worry to 
German coal-owners. The coal syndi- 
cate offers exceptional terms in districts 
where competition is keen, with the 
avowed object of ousting British coal 
from the market. Consequently our ex- 
port of coal to Germany, which amounted 
to 550,000 tons in 1900, fell to 200,000 
tons in 1901, and to 190,000 tons in 19¢2. 
But the fact remains that, in spite of 
enormous odds, we are still able to hold 
our own to a considerable extent. 

Again, we have no right to complain if 
German syndicates think proper to punish 
customers of their own nationality, so that 
German products may be sold at half- 
price in British markets. The remedy is 
entirely in our own hands. All we have 
to do is to fix an import duty so that the 
prevailing prices of German goods may be 
increased to a fair market value. Then, 
if it pleased them, German manufacturers 
would still be able to sell at about half 
the cost price, but our own industries 
would no longer suffer disadvantage. 
Under such circumstances our Teutonic 
friends might find it impossible to sell 
their wares in this country to any consider- 
able extent, and the syndicates would 
therefore be able to devote their energies 
to the reduction of prices in their own 
country. Hence the adoption of customs 
duty on our part would benefit two 
nations. 

It may be urged that the economically 
immoral abuses of protective duties by 
German Syndicates constitute an argu- 
ment against Protection. If so, it may 
be said on the other hand that the abuse 
of our free markets by the same syndicates 
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provides an argument of equal value 
against the condition which is wrongly 
called Free Trade. We do not propose 
to commence a discussion of fiscal policy 
generally, but the remark may be made 
that in a country such as our own, the 
prosperity of the people depends mainly 
upon the prosperity of industries that are 
the true source of national wealth. It 
may be pleasant for individuals to buy 
cheap German goods. For every sovereign 
so saved, however, two or more sovereigns 
are lost by the country at large, and the 
British working-man is the heaviest sufferer 
in the end. 


—e— 


Modern Views 
of Matter. 


In the Romanes lecture recently de- 
livered at Oxford by Sir Oliver Lodge, he 
gives an interesting outline-of the electron 
theory, and concludes with some interest- 
ing speculations as to its outcome. Twenty 
years ago electricity was regarded as some- 
thing far more unknown and mysterious 


than ordinary matter. To-day all this is 
changed; and, although the man in the 
street still regards everything electrical as 
clothed in mystery, while matter, which 
he can see and handle, appears to him to 
have no mystery at all, it. would be diffi- 
cult to find a physicist who does not 
recognise that we really know more about 
electricity than we do about matter. The 
trend of physical research at the present 
moment is in the direction of finding 
electrical explanations of all material 
phenomena. 

Many years ago Maxwell pointed out 
that the results of Faraday’s electrolytic 
researches pointed towards an atomic 
theory of electricity; and later, ina famous 
lecture at the Royal Institution, this was 
further emphasised by von Helmholtz. 
What Faraday showed was, that eyery 
atom of matter can have associated with 
it a certain definite quantity of electricity 
called the ionic charge, and while multi- 
ples of such a charge may be attached to 
an atom of matter, no atom is ever found 
carrying fractional portions of this ionic 
charge. As Sir Oliver Lodge points out, 
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this smallest known unit of electric 
charge was first called an electron by 
Dr. Johnstone Stoney. After pointing 
out that the electrification of an atom is 
effected by the attachment of electrons to 
it or their detachment from it, he dwells 
on the exceeding minuteness of electrons 
compared to the size of the atom to which 
they are attached. . 

Lord Kelvin has shown that if a drop 
of water could be magnified up to the 
size of the earth, the atoms of which it is 
composed would have sizes somewhere 
between those of cricket balls and of 
small shot. 

There is good reason to suppose that 
the comparatively small atom of hydrogen 
contains some 700 to 1,000 electrons, and 
Sir Oliver observes, that some 16,000 
would be contained in an atom of sodium, 
about 100,000 in an atom of barium, and 
160,000 in an atom of radium. He 
points out that there is very strong, 
though not absolutely conclusive, evidence 
that the size of electrons compared to 
that of the atoms is such that if an electron 
were represented by a sphere an inch in 
diameter, an atom of matter would be 
represented by a sphere a mile-and.a-half 
in diameter. 

Sir Oliver points out that the reason 
why this evidence is not absolutely con- 
clusive, is that, whereas the mass and 
the charge of an electron are both known, 
we are not quite certain that the mass is 
entirely due to the charge. It is possible, 
he observes, although he considers it very 
unlikely, that the electron may contain a 
material nucleus in addition to its charge. 
Put into other words, this means simply 
that in addition to the electro-magnetic 
mass, which is to a considerable extent 
understood, there may be some other 
kind of mass which is not understood 
at all. 

The view here set forth by Sir Oliver, 
that the mass of all atoms is entirely 
electro-magnetic, receives strong confir- 
mation from some recent mathematical 
investigations by Prof. Abraham of 
G6ttingen, into the dynamics of electrons, 
combined with some experimental results 
recently obtained by Kaufmann. 

W. Wien showed, some years ago, that in 
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an electro-magnetic system of mechanics, 
the masses, in place of being invariable, 
vary in a manner depending on the veloci- 
ties of the electrons, when these approach 
the velocity of light. Kaufmann in his 
experiments on the electric and magnetic 
deflection of Becquerel rays, has demon- 
strated the existence of such a variation in 
the mass of the electrons 

Abraham’s fundamental equations are 
obtained without other assumptions than 
that the velocities of the electrons do not 
approach that of light, and that they 
undergo no sudden changes. He applies 
his formulz to obtain numerical results in 
the case of spherical electrons, which can 
be compared with Kaufmann’s experi- 
mental figures. He finds a very close 
agreement in the case of kathode rays, 
and of the slowest Becquerel rays, on the 
assumption that the masses of the spherical 
electrons are entirely electro-magnetic. 

The result of assuming the existence of 
other masses in addition to the electro- 
magnetic ones would be to render this 
agreement less close. Assuming an atom 


of hydrogen to consist of 700 electrons, 
then, in the case of the atom being un- 
charged, 350 of these would be positive 
and 350 negative. 

The comments of a contemporary on 
this portion of the lecture show the 
existence of a misconception which it is 


as well to clear up. It is argued that 
these electrons-would exactly neutralize 
one another, so that a hydrogen atom 
constituted in this way would have no 
mass. It must be borne in mind that 
there is no such thing as negative mass. 
A system consisting of a negative electron 
and a positive electron will have a mass 
equal to the sum of the masses of the two 
electrons, provided that they are not 
allowed to come in contact with each 
other. If this happens they will cease to 
exist, and therefore the mass will 
disappear. 

Sir Oliver appears to incline to the 
theory suggested by Larmor, that the 
stability of the system of electrons com- 
posing an atom is dynamic, the electrons 
being in orbital motion round one another, 
making each atom a kind of miniature 
solar system. This is a most attractive 
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conception, and either orbital or spinning 
motions of the electrons appear to be 
essential ‘to the explanation of magnetic 
phenomena. Voigt has shewn that a 
resisted spin of the electrons is capable of 
explaining both paramagnetic and dia- 
magnetic phenomena. 

T. H. Jeans, however, has shown that 
in the case of dynamical stability due 
to orbital motion, an infinite number 
of vibrations about a state of steady 
motion would be possible, with the 
necessary result that the spectrum of a 
gas would be continuous, instead of 
consisting of bright lines. He has also 
shown that if the assumption is made 
that all electrons, whether similar or 
dissimilar, repel each other at very small 
distances, then a stable structure may be 
found by an arrangement of concentric 
shells of electrons, alternately positive 
and negative, the outermost layer being in 
all cases negative, to agree with observed 
phenomena. 

Sir Oliver calls attention to the demon- 
stration by Larmor and others that light 
and other electric radiations are due, and 
only due, to the accelerated motion of 
electrons. This radiation involves loss of 
energy, and indicates that atoms, though 
their lives may be long compared to the 
life of a stellar system, are not absolutely 
permanent. This is experimentally con- 
firmed by the phenomena of, radio- 
activity. Professor Rutherford has quite 
recently shown that the main factor in 
radio-activity consists in the throwing off 
with great violence of actual atoms of 
matter, not merely negative electrons, as 
in the case of the kathode rays. 
Rutherford succeeded in demonstrating 
that the emanations have an atomic 
weight of 100 to 200 times less than that 
of the radio-active substance itself, and 
which he expected might turn out to be 
either hydrogen or helium. This expecta- 
tion has been confirmed by the results of 
some experiments by Professors Ramsay 
and Soddy, described in a letter to Vature 
of July 16th. These two observers have 
succeeded in obtaining very complete 
spectroscopic evidence of the presence of 
helium after the elimination of hydrogen 
from the emanations. 
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This looks very much like an actual 
demonstration of that transmutation of 
matter which was the dream of the 
alchemists in the middle ages. 

Sir Oliver makes an interesting sugges- 
tion as to the possible cause of such 
disintegration. As pointed out above, 
electro-magnetic mass is a function of 
the speed, but in such a way that it is 
practically constant until the velocity 
of light is very nearly attained; when 
this is reached, the mass suddenly 
becomes infinite, which means that some 
kind of catastrophe must occur, and dis- 
integration of the atom, partial or com- 
plete, does not seem to be an unlikely 
consequence. 

This result might be arrived at simply 
by the acceleration resulting from the 
radiation, the effect of which is similar to 
that of a resisting medium. 
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Of the whole mass of atoms, very few 
are in this unstable state at any one time. 

Sir Oliver observes that a radium atom, 
like a nebula, is not hot, but it too has a 
great store of potential energy, immense 
in proportion to its mass, for it is con- 
trolled by electrical not gravitational 
forces ; and just as the falling together of 
the solar materials generates heat, so 
that a shrinkage of a few yards per century 
can account for all itstremendous emission, 
so it has been calculated that the collaps- 
ing of the electrical constituents of a 
radium atom by so little as one per cent. 
of their distance apart, could supply the 
whole of the energy of the observed 
radiation—large though that is—for some- 
thing like thirty thousand years. 

Sir Oliver’s very interesting lecture con- 
cludes with some further astronomical 
analogies and speculative suggestions. 


REVIEW. 


Continuous-Current Dynamosand 
Motors and their Control.—By W. R. 
Kelsey, B. Sc., A.I.E.E., F.Ph.S. London : 
The Technical Publishing Co., Ltd. 5,. net. 


The first five chapters of this book origin- 
ally appeared in the columns of the Practical 
Engineer, from the pen of a writer whose 
name is not mentioned, and the remaining 
chapters have been written by Mr. Kelsey. 
Chapter I. is occupied with various units of 
measurement, and Chapter II., commencing 
with a consideration of the field of force 
surrounding a conductor, leads up to the 
production of electrical “pressure” by 
induction and the principles underlying the 
action of the dynamo. These principles are 
further discussed in the next three chapters, 
which serve to make clear the general 
characteristics of such machines. The 
author then takes up the task of continuing 
the subject by showing how the principles 
previously enunciated are applied in the 
design and construction of continuous-current 
dynamos and motors. Various forms of 
armature winding are described, from the 
simple two-circuit single-ring winding in 
bi-polar field, to the four-circuit quadruple 
drum-winding in multipolar field. Some 
notes on the mechanical construction of 


armatures are also given, which, although of 
little service to the designer, are useful 
as conveying general information on con- 
structive details. After a somewhat brief 
discussion of field magnets and exciting 
coils, other details, such as shafts, bearings, 
brushes and brush-gear, are described. The 
theory of commutation is then taken up, and 
receives the attention due to its importance. 
In Chapter XIII. the author commences the 
consideration of motors and starting devices, 
giving special attention to motors and gear 
suitable for electrical traction, a course which 
is justified by the growing importance of 
electricity in tramway systems. In the 
same chapter, flux-speed-torque curves 
for motors excited by different methods 
are discussed, and after brief notice of 
motor - generators and constant - current 
dynamos, the work concludes with two 
chapters on efficiency. and testing. Taken 
as a whole, Mr. Kelsey’s work may be 
commended to those requiring information 
upon continuous-current machines, as a 
clearly-written and well-arranged guide. It 
is well illustrated, and we are pleased to 
notice that the author has made frequent use 
of curves, a method of expressing results that 
is of material assistance in all departments of 
electrical work. 





The Bursting of Emery Wheels.* 


EVERAL years ago the writer was con- 
sulted regarding some points of a 
case in litigation occasioned by the 
bursting of an emery wheel and the 

resulting death of aworkman. The ques- 
tion to be decided was whether the wheel 
was unsafe at the speed recommended by 
the makers, or whether the accident was 
due to the carelessness of the operator. 

As it was just then an off year for 
experiments on fly-wheels there seemed to 
be no good reason why the same medicine 
could not be tried on emery wheels. The 
apparatus already described in a former 
paper,* with some slight alterations, was 
adapted to the new requirements, and in 
the spring of 1902 fifteen wheels of various 
makes were tested to destruction. 

For the actual 
details of the work, eee 
credit is due to (= 
Messrs. Chandler (gees 
& Krueger, of the Pages. 
class of 1902 Case 
School of Applied 
Science. Most 
manufacturers _ of 
this class of wheels 
test them for their 
own information, 
but the results are 
not generally given 
to the public; the 
writer knows of no 
published data on 
this subject. At 
the Norton Emery 
Wheel Works, all 
wheels are tested 
before leaving the 
shop at a speed 
double that al- 
lowed in regular 
service, and occa- 
sionally wheels 
are burst to 
determine the 
actual factor of 
safety. 


pe a Pig 
e gh, . 
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Emery-wheel accidents are not uncom- 
mon, but can usually be traced to the 
carelessness of the operator. One com- 
mon cause of failure is allowing a small 
piece of work to slip or roll between the 
wheel and the rest. The writer was once 
present at an occasion of this kind, and 
although he, fortunately, was not in the 
plane of rotation he has never forgotten 
his sensations. 

The wheels selected for the experiments 
were all of the same size, being 16 ins. 
in diameter by 1 in. thick, and having 
a hole r} in. in diameter. 
~—* A former paper by Prof. Benjamin appeared in Vol. 
VII., pp. 198-205, of FEILDEN’s MaGazine. The present 
aper was read before the American Society of Mechanical 


engineers, and forms part of Vol. XXIV. of the 77vans- 
actions of that Society. 
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The object of the experiments being to 
determine the bursting speed of such 
wheels as are actually on the market, 
emery wheels were obtained through 
various outside parties without indicating 
to the agents or manufacturers the use to 
be made of them. 

In this way wheels of six different 
makes were obtained, the label on each 
wheel showing usually the maker’s name, 
the grade number or letter, the quality of 
emery and the speed recommended for 
use. As shown in the table of results, 
the working speed varied in the different 
wheels from 1,150 to 1,400 revolutions 
per minute, the average being about 
1,200 revolutions per minute. For a 
diameter of 16 ins. this corresponds to 
a peripheral velocity of about 5,000 ft. 
per minute. 

The table also shows that the fineness 
of the emery varied from ten to sixty, the 
average being about thirty. 

The wheels were held between two 
collars, each 6} ins. in diameter and 
concaved, so as to bear only on a ring 
} in. wide at the outer circumference. 


The method of testing, and the 
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apparatus used were precisely similar 
to those described in No. 3. Vol. vii. of 
FEILDEN’s MAGAZINE, and in Vol. xxiii. 
of the Zransactions of this Society, to 
which reference is here made for illus- 
trations of the apparatus. 

The table shows the results of the 
experiments in detail, and needs but little 
explanation. The illustrations, Figs. 1 
to 7, show the characteristic fractures and 
the appearance of various wheels after 
bursting. 

Wheels numbered 1, 2, and 3, were of 
one make, and show a remarkable uni- 
formity in strength (Fig. 1). 

Nos. 4, 5, 8, and g, were all made by 
one firm ; the two latter wheels were of 
finer grain than the others, and show a 
correspondingly greater strength (Figs. 2 
and 4). 

Nos. 6 and 7 contained a layer of brass- 
wire netting imbedded in the emery, and 
were about one-third stronger than the 
average of the ordinary wheels (Fig. 3). 

The wheels numbered ro and 11 were 
the weakest among those tested, but have 
an apparent factor of safety of between 
5 and 6 (Fig. 5). 


TABLE. 





WorkinG Spee. 
No. of |— - = 


Emery. | Revs. per| Feet per 
Minute. | Minute. 


Grade 
Mark. 


No. of 
Test. 


Revs. per 
Minute. | 


BURSTING 


SPEED. 
Speed a ad 


Ratio, Remarks. 


o! 
Feet per Safety. 
Minute. 





1,200 
1,200 | 
1,200 


5,030 
5,030 
5,030 


3,200 


1,250 
1,250 


5,270 
5,230 


5,870 
5,870 | 


35750 


1,400 
1,400 4,600 
1,250 

1,250 | 


5,230 
5,230 
4,830 | 
4,850 | 


5,030 | 
5,030 


5,030 
5,030 


1,150 
1,150 | 

| 
1,200 | 
1,200 


2,900 


3,100 


1,200 | 
1,200 


4,100 
4,350 


2,750 | 


3,800 


3,100 


3,350 | 


2,750 | 


45559 | 
| 19,200 


4,100 | 
4,125 | 


| 


6°67 
7°14 
7°73 
9°00 
4°84 


13,000 
13,400 
14,020 


15.700 
11,500 | 
19,050 | rove |} Wire Netting. 
| 10°76 | 

10°89 | 


17,200 
17,250 
5°71 | 
6°35 | 
6°66 
10°00 


11,500 
12,100 | 


12,970 | 
15,900 | 


17,200. 
18,200 | 


| 11°70 | 
13°10 


\ Vulcanized Rubber. 
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Nos. 12 and 13, of 
still another make, 
burst at about the aver- 
age speed (Fig. 6). 

Wheels Nos. 14 and 
15 were so-called~ vul- 
canized wheels, con- 
taining rubber in the 
bond, and intended for 
particularly severe ser- 
vice. These showed, 
as was expected, rather 
more than the average 
strength (Fig. 7). 

An examination of 
the last two columns in 
the table shows that the 
wheels burst at speeds 
varying from two-and- 
a-quarter to three- 
and-three-quarters the 
working speed, and 
accordingly had factors 
of safety, varying from 
5 to 13. 

It is then apparent 
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that any of these wheels 
were safe at the speed 
recommended, and 
would not have burst 
under ordinary con- 
ditions. At the same 
time, considering the 
violent nature of the 
service and the shocks 
to which they are ex- 
posed, it would seem 
that the factor of safety 
foremery wheels should 
be large. In compari- 
son with those gener- 
ally used in machines, 
a factor of 8 or 10 
would seem _ small 
enough. 

It may also be said 
that such a variation 
in strength between 
wheels of the same 
make and gradeas, for 
instance, that between 
Nos. 4 and 5 indicates 
a lack of uniformity 
which causes distrust. 

The fractures were in 
the main radial, as may 
be seen from the cuts, 
the wheel splitting in 
three, four or five sec- 
tors as might chance. 

It may be assumed 
that these radial cracks 
started from the rim, 
where the velocity and 
stress were greatest, 
but it is a fact worthy 
of notice that in nearly 
every instance the 
cracks radiated from 
points where the lead 
bushing projected into 
the body of the wheel. 


C. H. BENJAMIN, 
M.A.S.Mech.E. 
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The Diesel Engine.*__.——|[:! 


THE Diesel engine is an internal combus- 
tion engine, intended to work with gaseous, 
liquid, or solid fuel. At present developed 
as an oil engine, it works on the four-stroke 
cycle and is vertical. 

Herr Rudolph Diesel, after careful 
analytical and experimental study of the 
present forms of heat engine, and after 
comparing their cycles of operation with 
the ideal Carnot cycle, concluded that all 
existing engines were worked on defective 
principles, and that no radical improvement 
in their efficiencies could result until the 
principles of working were altered. 

Rationally following up this destructive 
criticism, he then proceeded to construct a 
new process for the utilisation of the heat of 
a combustible in the internal combustion 
engine, and finally laid down the following 
conditions as being essential for the utilisa- 
tion of the maximum amount of heat in the 
combustible :—- 

(1) The highest temperature in the cycle 
of operations must be produced by isothermal 
and adiabatic compression of the air only, 
previous to the introduction of the com- 
bustible. 

(2) The combustible must be gradually 
introduced into the highly-heated air in such 
a fine state of division that it is instan- 
taneously burned, thereby supplying the heat 
necessary to keep the gases at a constant 
temperature during the period of combustion 
equal to that attained during the compression 
of the air. 

(3) The use of a large and definite excess 
of air proportioned to the heat value of the 
fuel is necessary, so that the temperature of 
combustion may be kept at the highest tem- 
perature of compression, and so determined 
that the engine may be worked and lubricated 
without using a water-jacket. 

The complete cycle for such an engine 
would be :— 

) Isothermal and adiabatic compression 
to the maximum pressure and temperature. 

(2) Isothermal combustion and, finally, 
adiabatic expansion to atmospheric pressure 
and temperature. 

This is, of course, the Carnot cycle, and 
Herr Diesel has here laid down the con- 
ditions which are necessary to obtain the 
most perfect combustion compatible with 





maximum utilisation of the heat in a possible 
engine. 

These original analyses, proposals and 
experimental work will be found in detail in 
Herr Diesel’s book entitled “A Rational 
Heat Motor.”f 

In the original attempts to carry out this 
cycle of operations in 5893, the high pressures 
and high ratios of expansion used required a 
three-cylinder engine. One designed to 
burn dust-coal was constructed and experi- 
mented with. The experience then obtained 
brought to light many points of practical 
importance, and indicated how far materials 
and methods of construction at present allow 
the ideal to be carried into practice. 

The next step was to consider where and 
how far the ideal cycle could be modified, 
without unduly diminishing the actual and 
the theoretically possible thermal efficiencies. 
After two years’ experiment and discussion 
of results, the following modifications were 
adopted :— 

(1) The attempt to obtain an isothermal 
step in the compression period was aban- 
doned, adiabatic compression alone being 
employed. This allows the high temperature 
necessary at the end of the compression to 
be obtained without using an excessively 
high pressure ; but it results in more heat 
being thrown away in the exhaust. 

(2) The expansion was not continued to 
atmospheric pressure, in order to reduce the 
bulk, weight, and cost of the cylinder per 
horse-power. 

Having solved the initial difficulties of 
making an engine work successfully on the 
proposed cycle, it became necessary to make 
a powerful engine without using an immode- 
rately large cylinder. The solution was 
obtained by carrying on the combustion at 
the pressure of 30 to 40 atmospheres (430 to 
570 lbs. per sq. in.) instead of isothermally ; 
the result was of course an increase in tem- 
perature of such character that the water- 
jacket became necessary, and this, in the 
final form of the engine, was adopted. 

The actual Diesel engine has the following 
cycle of operations :— 

First stroke takes in air alone at atmo- 
spheric pressure and temperature. 

Second stroke compresses this air to a 
high pressure (35 atmospheres = 500 lbs. 





* Abstract of a paper read. at the Leeds Meeting of the 
Institution of Mechanical Engineers. 


+ English Translation by the late Bryan Donkin. 
E. & F. Spon. 
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per sq. in.) and to a temperature of about 
1,000 degs. Fahr. This compression is neither 
isothermal nor adiabatic, since the operations 


are concucted in a water-jacketed conducting / 


cylinde. 

Third stroke is the working stroke, during 
the first part of which the combustion of the 
fuc! is carried on at constant pressure for a 
period which is determined by the amount 
of oil to be sprayed in, which quantity is 
controlled by the governor. The second 
part of this stroke is approximately an 
adiabatic expansion. 

Fourth stroke exhausts the gases. 


80-B.H.P. Engine. 


This size of engine is made by ian 

the Vereinigte Machinenfabrik, 
Augsburg, and Carels Fréres, 
Ghent. At Fig. 1 is illustrated ~ 
a longitudinal section and a trans- 
verse section of the engine, with 300 4 
standard arrangements of piping 
for petroleum, lubricating oil, 
cooling water, air-blast, starting 
air and exhaust; in fact, all the 
engine connections except the 
water-cooling tanks, when such 
are used. 

The engine is of the vertical 
type, with a strong cast-iron 4 
frame, the upper part of which 


inch 


300 + 


per 5q 


forms the outer wall of the water- r 





lbs 


jacket ; into this upper part is 
fitted a cylinder of specially close- 
grained cast-iron. The cylinder 
cover is deep and hollow, being 
thoroughly water-jacketed. In 
the transverse section will be 
seen two valves ; the central one 
is the oil-sprayer, the other is the 100 -{ 
starting -valve, which may be 

made to act as the suction-valve 

for the air-pump. In the longitu- 


Pressure, 
8 
1 
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tical shaft seen on the right in the longi- 
tudinal section. 

The governor is of the loaded centrifugal 
type, and is placed at the top of the vertical 
shaft ; its action is explained in connection 
with the oil-pump, Fig. 2. 

The piston is of the usual open trunk type, 
directly connected to a connecting-rod of 
the marine type. There are seven piston- 
rings of the Ramsbottom type—six near the 
top and one much lower, in order that it may 
pass the lubricating channels. 

The crank-shaft is solid, and has three 
bearings. fitted with ring lubricators. The 









_— Dresel Engine 
Premier Gas Engine 


Compound Condensing 


ees Steam Engine 
‘\ 





dinal section three valves are seen 
in the cover: in the centre is 
the oil-sprayer (for detail see 
Fig. 3), on the right is the 
air-inlet, and on the left is 
the exhaust-valve. The oil- 
spraying valve opens upwards or 
outwards, and the others open downwards 
or inwards; all three are spring closed, the 
air and exhaust-valves being kept closed by 
pressure inside the cylinder. All valves are 
opened by the action of the bent rocking- 
levers seen upon the right in the transverse 
section ; the movements of the levers are 
determined by the cams placed upon the 
horizontal cam-shaft. The cam-shaft is 
driven at half the speed of the crank-shaft, 
by means of the bevel gearing and the ver- 














fly-wheel is built in halves, and on the inner 
edge of the rim is a toothed ring into which 
work two ratchet-pawls, actuated by a 
rocking-lever ; this device is for bringing 
the engine into the starting position, that is, 
with the crank just beyond its top dead- 
centre. 

On the left of the longitudinal section, 
Fig. 1, is the petroleum pump. This pump 
is connected by a pipe to the petroleum- 
filtering tanks, and by a pipe of small bore 


| 
i 
| 
| 
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to the oil-spraying vaive. The plunger of 
this pump is driven by a crank-pin placed in 
a disc at the end of the cam-shaft, and so 
has a constant stroke. 

On the right of the transverse section, 
Fig. 1, is the air-pump; its cylinder is 
thoroughly water-jacketed, and the plunger 
is driven by connecting-rod, rocking-levers, 
and connecting-links from the small end of 
the connecting-rod. This pump takes its 
air from the engine cylinder just before the 
end of the compression stroke, still further 
compresses this air, and delivers it to the 
air-blast reservoir. In the earlier designs 
the pump took its air direct from the atmo- 
sphere, and was then much more bulky and 
less efficient. 

The air-blast reservoir is the smaller one 
on the right of the cross section, and is 
connected to the oil-spraying valve for 1n- 
jecting the petroleum into the cylinder 
against the high pressure of 35 atmospheres 
already existing there ; for this purpose the 
pump maintains a steady pressure in the 
reservoir of 5 to 15 atmospheres higher, 
that is, from 40 to 55 atmospheres. It is 
also connected by an overflow valve to the 
air-starting reservoir, this valve allowing air 
to pass from the blast to the starting, reser- 
voir when the pressure in the former exceeds 
a predetermined value. There may be a 
similar overflow valve connecting the engine 
cylinder to the starting reservoir, in order 
that the maximum compression pressure 
may be controlled. 

The cylinder lubrication is forced, by 
means of the pumps seen on the left of the 
engine in the longitudinal section, the lubri- 
cant entering at five or six points in a 
horizontal plane, below which one piston- 
ring passes. The crank is lubricated by the 
ring and oil ways seen in the longitudinal 
section. The lubricant is forced to the 
small end of the rod inside the piston. 

The water-jacket is very complete, as the 
sections show, entirely enveloping the engine 
cylinder walls and end and also the air- 
pump. The water enters at the bottom of 
the engine jacket and passes upwards 
through this jacket and the air-pump jacket, 
from the top to the cylinder cover, the outlet 
being close to the exhaust pipe. 

The oil-spraying or pulverising valve is 
illustrated in detail in Fig. 3. The hori- 
zontal section shows the petroleum and 
air-blast passages to the central valve, and 
the vertical section shows the body of cast- 
iron, with the petroleum passage and over- 
flow or test valve, the central needle valve 
with its guiding sheath and at the base the 
pulverising device, consisting of a set of 
four metal rings of special form perforated 
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by small holes and separated by four metal 


bands; the terminating nose piece has 
narrow channels cut in it, through which the 
pulverised oil passes to the expanding orifice, 
and is sprayed into the cylinder when the 
needle valve is raised. It will be seen that 
the petroleum pump delivers petroleum to 
the nozzle by the narrow passage, and that 
the nozzle is in direct communication with 
the air-blast reservoir, the pressure in which 
is kept steadily about 150 lbs. higher than the 
maximum pressure of compression. This 
device works well. 

The petroleum pump is shown in Fig. 2 
The plunger has a constant stroke, being 
driven from the end of the valve cam-shait. 
Passing through the head of the plunger 
is a lever working upon an eccentric tul- 
crum; to this lever is attached the valve- 
rod, which opens the inlet-valve against the 
action of a spring. The fulcrum of the 
rocking lever is eccentric to the shaft upon 
which it is placed, and this shaft is caused 
to rotate by the action of the governor, thus 
altering the stroke of the valve-rod, and 
through it the opening of the inlet-valve, 
and controlling the amount of oil passing 
to the pump chamber to be forced past the 
outlet-valve to the injecting-valve. 

There is a controlling device shown, by 
which the inlet-valve can be held open, thus 
allowing the plunger to pump back the oil 
to the pump reservoir tank instead of pass- 
ing it on to the engine by way of the outlet- 
valve. The tappet of this device encircles 
the valve-rod foot-tappet. 

The normal running of this engine is on 
the ordinary four-stroke cycle, with the 
following distinguishing characteristics :— 

(1) Very high compression of the air, to 
about 500 lbs. per square inch, and a tem- 
perature of 1,900 degs. Fahr., so that the fuel 
burns at once on being injected, needing no 
igniting device whatever. 

(2) The gradual injection of the fuel into 
this volume of highly heated air, by means of 
a blast of air at about 100 to 150 lbs. per 
square inch higher pressure than is already 
in the cylinder. 

(3) The gradual and complete combustion 
of the fuel as distinguished from the explosive 
combustion of the ordinary type of gas or 
oil-engine. 

Until April 1902 all published trials of 
Diesel engines were either of Continental or 
American origin. So the author, upon 
learning that the Harrogate Corporation 
were putting in a 35-b.h.p. Diesel engine, 
at once applied to the Borough Engineer, to 
be allowed to test it; this permission was 
most courteously granted, and the author 
proceeded on April 9, 1902, to test the 
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engine on the brake. The oil used was a 
crude petroleum from Texas, having a 
specific gravity of 0°922 and a calorific value 
of 19,150 B.Th.U. per lb. The result of the 


test, less than half a pound of this oil per . 


b.h.p.- hour, was very gratifying to the 
author, after usually getting nearly twice 
this consumption from the ordinary type of 
oil engine. 

160-B.H.P. Engine. 

On March 7, 1903, by the kindness of 
Messrs. Carels Fréres, the author made 
complete trials on a double-cylinder 160- 
bh.p. Diesel engine, at the works in Ghent. 

The indicated horse-power was obtained 
by taking indicator cards from each cylinder 
every five minutes during one hour, using 
calibrated indicator springs which gave a 
scale of 372 lbs. per square inch piston per 
inch of height. 

Temperatures were taken by thermometers 
graduated in centrigrade degrees, that of the 
exhaust gases being a mean of the tempera- 
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ture existing quite close to the exhaust valve 
inside the exhaust pipe. The revolutions 
were recorded by a counter attached to the 
air-pump rods. The gases for analysis were 
collected over water from the exhaust pipe 
close to the exhaust valve, and analysis by 
the Orsat apparatus was made on the spot. 

The effective horse-power was determined 
by subtracting from the indicated power 
the indicated power of the engine when 
running quite light, the driving belt being 
removed. This was necessary, owing to the 
engine being belted to a line shaft and then 
to a dynamo and to a motor. The load 
trials were each of one hour’s duration, and 
of half-an-hour when running light. The 
data and results are given in the Table. 

The performance of the 160-b.h.p. engine 
under variation of load was as follows :— 

I. Load on the dynamo, 700 amp. at 
115 volts, that is, 108 h.p., tachometer 
reading 89. 

The whole load thrown off at once, the 


at Messrs. Carels Fréres, Ghent. 





SUMMARY OF RESULTS. 





1. Load ae 

2. Duration in minutes ... 

3. Total revolutions 

4. Revolutions per minute 
f Mean effective pressures 


5 
6 fI.H.P, cylinder 4L ... 
‘ L ” ” 5 BE. 00 

a ‘a total or mean 

8 of air pump ... 

9 Net h. H.P. from the oil 
10. Effective horse-power 
11. Mechanical efficiency 
12. Total oil in pounds ... 

13. Oil per net I.H.P. hour _.. 
14. 55 59 effective H.P. hour ... 
f Cooling water per minute 


1 Ibs. «.. tongs aa 
16. Temperatures ‘of water Cent. sin ... Outlet 


17. Change of temperature ese 
18. Temperature of exhaust Cent. 
19. B.Th.U. per net I.H.P. minute 


20. si converted to work... a 

2t. me rejected in cooling water ... 

22. exhaust gases ... i ‘as 
23- Thermal efficiency on net I.H.P. ... per cent. 
24. 99 pe ee 9 


Exhaust gas analysis : 


{ Carbon dioxide Vol. . ee ine per cent. 


25.4. monoxide Vol. ia ei - 
Oxygen i * - 
pol by difference | sa ve - 


Full 0°53 0°375 0°25 | None 
10 60 61 60 30 
258 = 9,424 = 9,639 9,476 =| 4,770 
154°5 157 158 158 159 


113°4 64°7 51°9 38°2 46°2 
114°5 74°1 60°7 46°2 39°7 
1010 59 1 46°6 34°4 42°6 
1034-677 534 | 405 | 367 


-.. 204°4 | 1263 | 100°0 74°9 39°64 


int) A 3°25 370 | 2°97 2°98 

. 201°! 123°6 97°90 | 71°93 36°66 
164°8 87°2 | 604 | 3574 am 
80°7 68°8 60°4 | 49°2 — 
67°0 go°58 | 30°45 | 25°6 7°6 
0°333 0°329 | 0°309| 0°356 O°415 
0°408 0°465| 0O'505| 0°724 = 
49°6 43'0 26°25 | 16°1 = 
9°5 9°5 oS. 1: £5 10°0 


62°0 52°5 60°5 65°5 | 67°0 
52°5 | 43°0 | 51:0 | 56:0 | 57°0 


a 384°0 239°0 | 197°0 15380 | — 


108°0 106°0 102°0 114’O0 | 154°5 
424 | 424 | 424 42°4 | 424 
aay | 363 24°3 21°7 -- 
32°1 28°3 14°4 Ss i = 


39°25 | 40°0 41°5 33 | = 
32°3 28°3 26°! 183 | — 
70 41 31 29 aa 
os _ Trace? ol? _ 


203 | (859 16°6 17°6 — 
81°7 80°9 80°3 - | 80°3 - 





Note. —The tap of the carbon dioxide bottle was not quite gas-tight, but was well smeared with 


vaseline to prevent serious leakage. 
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tachometer ran up to 96°2 and settled back 
to 88°7 in about a minute. 

The engine running light, tachometer 91, 
a load of 700 amp. at 115 volts was put on 
at once, when the lowest reading of the 
tachometer was 87°8 and the engine settled 
back to go in about half-a-minute. 

The calculations from average values of 
the results for trial No. 2 of March 7 on the 
160-b.h.p. engine are as follows :—- 


46 


Average revolutions = =157 per min. 


LEP. &. sliaeteiaia 7 X 157 x 0'005806 
a 
R cylinder =74'I x 157 X0°005806 
6 


” 


Total I.H.P.=126°6 
Air Pumps H.P.=Pe x 7 x 0'0000358 x 2 
=291'5 X 157 X 0'0000716 
=e t. 
Net I.H.P., or the I.H.P. developed by the 
oil, =126°6 — 3°26= 123°34 
This assumes all the Pump H.P. returned 
to the working cylinder. 
Effective H.P.=1.H.P. — 39°6 
= 126°6—39°6 
, . ER. HP. 87 
Mechanical Efficiency = LILP 71266 
=68°7 per cent. 
Pounds of oil per net I.H.P.-hour 
= = 29 
5 ag 
Pounds of oil per net Eff. H.P.-hour 
_ 40°38 _ 
=F =0°466 
Jacket water per minute=43 Ibs. 
Thermal units per I.H.P. | _ 43* 43,9 
Minute in jacket water) — 1266 * 
Amount of exhaust gases. From the gas 
analysis we have :— 
CO,4'1 per cent., O, 15 per cent., and by 
difference N, 80°9 
From the wel!-known formula :— 
Total air _ N 21 
Consumed air 779 
a 
where J and O are the percentage a 
of nitrogen and oxygen in the exhaust, we 
get for this case — 


Total air 21 x Bo. Se - 
ai 14699 


5 26°3 


‘ Oo 21-79. o 


Consumed air a 79x35 21 
I 


The approximate composition of the 
petroleum is— 


Carbon ped — 85'0 per cent. 
Hydrogen... - SOS ok, 08 
Incombustible a 1°S 5s 99 
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One pound of such oil would use 14°56 lbs. of 
air for complete combustion, calculated as 
below :— 

Carbon .. 0°85 x 11°6=9°86 lbs. 
Hydrogen ... 0°135x34°8=4'70 lbs. 


Total 14°56 lbs. 


the resultant products being 15°56 lbs. per 
Ib. of oil. 
From the analysis, 3°31 times this air is 
used. 
Therefore air per lb. of oil in this case 
gives— 
3°31. X 14'56=48'2 
The resulting products of combustion- - 
49°2 lbs. per lb. of oil. 
Therefore weight of exhaust per I.H.P. 
minute— 
— 492 ,, 40° 58 _ 15°75 ths, 
60 “1266 
The specific heat at constant pressure of 
these gases may, with sufficient accuracy, 
be taken at 0°25. 
Consequently the British Thermal Units 
per I.H.P. minute carried away by the 
exhaust approximate to— 


15" * 
+375. 0°25 X 239 x 3 
= 28:2 B.Th.U. 
Thermal units per I.H.P. minute supplied 
by the oil fuel 
= 0°329 X 19,3co + 60 
= 106 B.Th.U’s. 

Thermal units supplied per I.H.P. minute 
by the air c 
= 15:75 — 0°329 6 KI2x%3 x O25 = 1% 
Thermal equivalent of I. H.P.-minute=42°4 


Heat Balance. 
Supply 106 + 1°4. 


I.H.P. mins. + 42.4 Or 39°5 per cent. 
Cooling Water .... 26°3' 55 24°3 sw» 155 
Exhaust Gas Kis, en ee Rae. a 
Unaccounted “a - ME en UE ek ss 


106°0 bs 
3 rods 





Thermal efficiency on the net I.H.P. 
op 24 ox 
106 


: Thermal efficiency on the B.H.P. would 
e— 


40 per cent. 


87 
123°4 
As a check on the gas analysis results, the 
volume of ait per lb. of oil may be approxi- 
mately calctiated’as follows :— 
The working volume of the cylinder is 
2°663 cubic feet ; assuming this to be filled 


40 Xx 





= 28°3 per cent. 
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The Diesel Engine. 
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with air at atmospheric pressure, at each 
stroke we shall have for this two-cylinder 
engine, weight of air per revolution— 
= 2°663 x 0.0809 
= 0°2163 lbs. 
The weight of oil used per revolution in 
Trial 2— 


»#2.. 0°00431 Ibs. 


~ 9,424 2 
»*, ratio of air to oil = aa" 
against 48°2 by the gas analysis—a difference 
of 4 per cent. Nothing is allowed for rise of 
temperature, as the air enters the cylinder. 

In Fig. 4 is shown a comparison of the 
pressures, powers, and clearances of the three 
types of engine, namely, the compound con- 
densing engine using high-pressure steam 
with jacketed cylinders, the scavenging type 
of gas engine using gas of 600 B.Th.U. per 
cubic foot, and the Diesel engine using crude 
petroleum. The indicator cards there shown 
are drawn to the same scales and for the 
same total volume of cylinder. 

The clearances are as follows :— 

The steam engine 3°5 per cent. of the 
volume of the h.-p, cylinder ; the gas engine 
27 per cent. of whole volume; the Diesel 
engine 7 per cent. of the whole volume. 

The i.h.p. at 160 revolutions work out 
at :— 

The Diesel engine . - 105 
The gas engine ‘ - & 
The steam engine . 24x%4=96 

The multiplier 4 being due to the steam 
engine having a working stroke every stroke. 


50°3 as 


Cost of Power. 


Comparison of total cost 
production when using— 
(a) The Diesel engine. 
(4) The gas engine. 
(c) The steam engine. 
In Table 2 a comparative and 


of power- 


fairly 


accurate statement of costs is drawn up for 
three sizes of engine, namely 35, 80, and 160 
b.h.p. 

Initial capital cost is stated for the three 
items, Land, Buildings, and Plant. 
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Annual charges are stated under the 
heads, Interest on Capital, Maintenance and 
Depreciation for Buildings, and also for 
Plant, Fuel, Oil and Water, and Wages. 


Line 11 gives the total capital cost in £. 


s» I2 4, 4, capital cost per b.h.p. in 4. 

»> 21 4, 5, the total annual expence in £. 
»> 22 4, 4, annual cost per b.h.p. in 

» 23 >», 4, cost per b.h.p. hour in pence. 


The gas engine taken for comparison is 
the Crossley, using a Dowson gas-producer. 
The steam engine compared with is the 
high-speed compound condensing engine. 

The fuels are :— 


For the Diesel . Crude petroleum at 455. od. 


r ton. 
For the gas-producer Anthracite cobbles at 
24s. Od. per ton. 


For the steam engine Coal at 12s. 6d. per ton. 
In all cases delivered. 


The oil-consumption for the Diesel has 
been taken, in each case, as the mean 
between the full and half-power rates of 
consumption. 

The fuel-consumption in the case of the 
gas-producer has been taken at 1'5 to 1°25 
Ibs. per b.h.p.-hour plus an allowance for 
stand-by losses. 

The fuel-consumption for the steam engine 
has been taken at 4 Ibs. and 3'5 lbs. per 
b.h.p. for the lowest and highest powers ; 
assuming an evaporation of 8 lbs, of water 
per Ib. of fuel. 


The final result is as follows :— 





Total cost per B.H.P. hour. 


Engines. | Diesel. Gas. Steam. 
| 





| Penny. | Penny. | Penny. 


35 B.11.P. a --- | 0°59 | 0°63 | 0°89 
80 B.H.P. , -- | 0°39 | 0°52 | 0°63 
160 B.H.P. = --- | 0°32 | O'40 | 0°49 


A result which is much in favour of the 
Diesel engine. 


H. ADE CLARK. 






























ENGINEERING ABSTRACTS. 











LIST OF PUBLICATIONS REGULARLY REVIEWED. 


Amer. Engin. 
& Rird. jni. 


imei ornieoriom 


Amer. Machy. 


Ann. Ing. Gand 
Brit. Archt. 
Brit. Claywkr. 


Builder 


Bldrs.’ Jnl. 1.00. 


Bldang. News ... 
Canad. Imp. 
Trade 


Canad M/r. ... 
Coll. Gdn. «11.4. 


COE, FOE, wtiitnact 


Com. Intel....... 


Compt: Rendu 
Soc, Ing. Civ. 





; Contract Jni. 
Ding. Poly. Jnl. 
Echo des Mines 
et Métall. 
Ect. Elec. 


Elec. Eng. ...... 


Elec. Rev. 
Elec. Rev., 
¥. 


Elec. Times ... 


Elec. Wd. ...... 











Vol. 9.— 


American Engineer New Yor«.... 


and Railroad 
Journal 


Amer.Machst. American Machinist New York .. .. 
American MachineryNrw York 


Annales de |'Asso- Brusse.s 

ciation des Ingé- 

nieurs de Gand 

The British Archi- 

tect 

The British Clay- 
worker 


The Builder 


Builders’ Journal 
and Architectural 
Record 


Building News ..... 


LONDON ... 
LONDON .. 


LONDON 


Lonpon 


LONDON 


Canadian Imple- 
ment Trade 


Canadian Manufac- 
turer 


The Colliery Guar- 
dian 


Toronto 
LONDON . 


TheCollieryJournal Lonpon 
and Mining En- 
gineer 

Commercial Intelli- 

gence 


Compte Rendu des 
Travaux de la 
Societe des 
Ingénieurs Civils 
de France 


The Contract 
Journal 

Dingler’s Polytech- Bertin 
nic Journal 

L’Echo des Mineset Paris 
de la Metallurgie 


Lonpon 


Paris .. 


LONDON .. 


.. EclairageElectrique Panis ..... 


The Electrical LONDON 
Engineer 
. Electrical Review ... Lonpon ..... 


The 
view, 


Electrical Times ... 


Electrical World & New Yor«k...... 


Engineer 


-No. 50. 


Electrical Re- New York...... 


LONDON ........ 


20 cts 


-/4 
-/4 


S.2.50 


-/6 


3 mos. 
6 mks. 


- pa 
45.00 


60 /. 
p.a. 


Electrician 
Electricien 
Electricity ...... 


Elec. Techr. .. 


Elektrit. 


Elektrotek. 
Tiddst. 
EMgineer cess 


Engineering ... 


Eng.and Min. 
Ini. 

Eng. Gaz. 
Eng. Mag. ...... 
Eng. News...... 


Eng. Rec. 


Foundry 


Gas Wid. 


Sen 


Gén. Civil ...... 


Glitchkau) ...... 00 

Ice and Cold 
Storage 

Ind. Elec. 


Tron and Coal 
Trades Rev. 


lron and Steel 
Trades Jnl. 


. L’Electricien 


. The Foundry 


The Electrician .. .. 
Electricity 


Der Electro-Tech- 
niker 


Elektritschestvo . 


Elektroteknisk 
Tiddskrift 


The Engineer...... .. 


Engineering 


The Engineering & 
Mining Journal 


The Engineer’s 
Gazette 


The Engineering 
Magazine 


The Engineering 
News 


The Engineering 
Record 


The Gas World ..... 
TID  saiindad dasncete, 4s 


Le Génie Civil......... 


Gluckaur 


Ice & Cold Storage 


. L’Industrie 


Electrique 


iron and Coal 
Trades’ Review 


Iron and Steel 
Trades’ Journal 


LONDON san” 


New York 


VIENNA 


St. PETERSBURG 


CoPrENHAGEN ... 


LONDON .......... —/64 
-/64 


LonpDoN 


New York.. 


LoNDON -/6 
New York & 1/- 
LonDON 
New York I5¢. 
New YorK...... S.C. 
12 cts 
p.a. $6 
CLEVELAND, p.a. $1 
U.S. A. 
LONDON ....... -/3 
UID ciciinainses 1/. 
Paris a. 2; 
J: 1.00 
p.a. 
J-45.00 
Essen A.D. RUHR 
LONDON ......... -/6 
PAM .anw.s 2 
J. 1.00 
p.a. 
S-26.00 
LONDON . -/6 
Lonpon . -/3 

















































258 


Jnl. Gas Light- 
ing 


Soc. 
J nl. Franklin 

ast. 
Jnl. l. BE. E.. 


Jni. [ron & 
Steel Inst. 


Jnl. San. inst. 
Jnl. Soc. Arts 


Jni. Western 
Soc. Eng. 
Knowledge eee eee 


Light Rly. 
& Tram. /nil. 


Machinery 
Marine Engr. 
Marine Enge. 
Mech. Wid. ... 
Métallurgie ... 
Mines and 
Minerals 


Mit. Verein. 
Strassenbahn. 


Mod. Machy. 
Nat. Ldry. Jni. 


Nature 
Pou er 


Proc. Am. Soe 
at 4 


Proc. Can. Soc. 


C.£. 


Prec. Inst.C. E. 
Proc. I. Mech. 
E. 


Proc. Roy. Phil. 
Soc. Glasgow 


Pub. Health 
Eng. 


Quarry 


Jnl. Assoc. Eng. 


The Journal of Gas Lonpon ......... -/6 
Lighting 

Journal of theAsso- PHiLapEcruia, 
ciation of Engi- U.S.A. 
neering Societies 

Journal of the PHILADELPHIA, 30 cfs. 
Franklin institute U.S.A. 


Journal of the In- Lonpow ......... Varies 
stitution of Elec. ’ 
trical Engineers 

Journal of thelron Lonvon .....  16/- 


r vol. 
(two annually ) 
Journal of the Sani- Lonvon ..... 
tary Institute 
Journal of the So- Lonpov ......... 6d. 
ciety of Arts 
Journal of the 
Western Society 
of Engineers 


and Steel Institute 


Cuicaco, U.S.A. 


Knowledge ............. LONDON ..... «. -/6 
_— Railway and Lonpos .........— 1/- 
ramway Journal 


. Machinery ............. New York..... 25 cts 
Marine Engineer ... Lonpon ......... 1/- 
MarineEngineering New York...... 25 cts. 
Mechanical World MANCHESTER... -/1 
La Métaliurgie ..... —— p.a. 

J.20.00 


Mines and Minerals Scranton, Pa. 20 cts. 


Mittheilungen des Vienna ........ 
Vereines fur die 
Forderung des 
Local- und Stras- 
senbahnvesens 


Modern Machinery Cuicaco .. . 10 chs. 
National Laundry Cuicaco........ 15 cts. 
Journal 
5 IID ccanpcesnstostitrs Lonpon ....... -/6 
POR iccccecvescessesevess New York...... 20 cfs. 
Proceedings of the New York...... 
American Society 
Civil Engineers 
Proceedings of the 
Canadian Society 
of Civil Engineers 
Proceedings of the Lonnon co. Met 
institution of Civil sold, 
Engineers Mbrs. 
only 
Proceedings of the Lonpow ...... Mbrs. 
Institution of Me- only 
chanical En- 
gineers 
Proceedings of the Giascow Mbrs. 
Royal Philosophi- only 
cal Society of 
Glasgow 
Public Health LONDON ........ 
Engineer 
. The Quarry............ LONDON ........  -/6 


Rev. Tech ... 
Rird. Gaz. .....: 
Rly. Age 

RY. & Engg. 
Rev. 


Rly. Mastr. 
Mech. 


Rev. Chim. Ind. 


Se. Amer... 
Stahl u. Eisen 


Steamship ... .. 
Stev./nst. Indic. 


Street Riy. 
Jul. 


Surveyor 


Techy. Quarty. 

Tek. Tidst....... 

Tram. & Rly. 
Wild. 


Trans. Am.1. 


Trans. Am. 
Soc. Mech. E. 


Trans. Am. 
Soc. Nav, E. 


Trans. Civ. 
Mech. E. Soc. 


Trans. Inst. 


lee 
Shipbldrs. 
Trans. Soc. F. 


Westn. Electn. 

Zeitschr. 
Vereines 
Oster. Ing. 
und Arch. 


Zeitsch. Vers. 
Deutsch. Ing. 


Zeitsch. Elek- 
trotechnik. 

Zeitsch. Elek- 
trochemie 


om 


Feilden’s Magazine. 


The Railroad 
Gazette 


. The Railway Age ... 


TheRailway and En- 
gineering Review 

Railway Master 
Mechanic 


La Revue de Chimie 
industrielle 


Scientific American 
Stahi und Eisen...... 


The Steamship ...... 


Stevens’ Institute 
indicator 


Street Railway 
Journal 


GUNG OP inicecvcses «0: 


Technology Quar- 
terly 
Teknisk Tidskrift 


The Tramway and 
Railway World 


Transactions of the 
American __insti- 
tute of Electrical 
Engineers 

Transactions of the 
American Society 
of Mechanical 
Engineers 


Transactions of the 
American Society 
of Naval En- 
gineers 


Transactions of the 
Civil and Mech- 
anical Engineers’ 
Society. 


Transactions of the 
Institution of 
Engineers and 
Shipbuilders in 
Scotland 

Transactions of the 
Society of 
Engineers 

Western Electrician 

Zeitschrift des 
Oestereichischen 
Ingenieur und 
Architekten- 
Vereins 

Zeitschrift des 
Vereins Deutsch- 
er Ingenieure 

Zeitschrift fur 
Elektrotechnik 

Zeitschrift fir 
Elektrochemie 


. La Revue Technique Paris ............ 


rf. 
New York...... p.a. 
$6'08 
CHICAGO ......... 10 cts. 
CHICAGO .. ...... TOC. 
New York ...  5.¢. 
10 cts. 


PARED ix siccciens 


New York...... 
DiisseLporr .. 


LEITH ...... 


a. 
$: *oo 
p.a. 
J-12.00 
8 cts. 
. pa. 
24 mks. 
-/6 


Hosoken, N.J. 50 cts. 


New York...... 


LONDON ..... 
BosTon _....... 
StockHuLM 


LONDON ........- 


New York...... 
New York..... 
New York...... 


GLascow 


CHICAGO ..... ‘ 
VIENNA 


BERLIN 


VIENNA 


Haute A S., 
GERMANY 


Any of the above-mentioned publications can be obtained on application to 
Messrs. Williams & Norgate, Henrietta Street, Covent Garden, London, W.C. 


$5p.a. 


10 cts 
60 Ar. 


Im. 


40 ff. 


p.a. 
20 mks 


4 mks. 
perqr. 


oe 


dieters 














Engineering Abstracts. 


MATERIALS AND 
MEASUREMENTS. 


THE accompanying illustration shows an in- 


strument recently made for the test-room at the, 


Rock Island Arsenal. This 

4 New Form of tool was made up from a 
xtensometer. «ae 

Starrett test indicator, to clamp 
to a test specimen, to show elongation of the 
metal. As the piece elongates one thousandth, 
the pointer drops one division, and the pressure is 
read. In this way the test is followed up past the 
elastic limit, when the tool is removed and the piece 
broken. The curve shownin Fig 2 (reproduced on 
page 272) was taken from a piece of bronze. The 
usual readings are marked by black circles, but to 
show the accuracy of the instrument more readings 
were taken and marked by light circles. At 4 
the load was removed and the curve returned to 





SIMPLE FORM OF EXTENSOMETER. 


the origin, 4 being under the elastic limit. At 
two other points the load was taken off, the curve 
returning to B and C, showing permanent sets of 
‘002 and ‘005, and seeming to be somewhat 
stronger after having the load removed. The 
curves are made up in the test-room in pencil as 
the test proceeds, and by the time the piece is 
broken, the finished record is complete without 
further plotting. The instrument is not theoreti- 
cally perfect, but is practically a success, and is 
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one of those cases, met frequently in machine 
design, where a simple, direct tool giving approxi- 
mate results is very much more acceptable than 
one more accurate, with many complicated parts. 
—G. F. Summers, 4ver. Machst., Vol. 
XXVI., No. 25, July 4, 1903, p. 878. 


CONSTRUCTIONAL. 

A CAREFUL study should be made of the bed or 
the sea fronting the foreshore whichis to be protected. 
Channels tend to draw the 
beach down into them, 
while sandbanks cause the 
waves to break and di- 
minish their destructiveness. Again, a ‘‘ gate- 
way” between two outlying sandbanks leads the 
waves to the foreshore, and depletes the beach, 
which has thus been exposed. Groynes must be 
arranged so as to arrest the beach on their flood- 
tide side. Where cliffs above high water of spring 
tides are friable and subject to erosion a sea-wall 
constitutes a protection against tte beach being 
driven by the force of the waves around the upper 
extremity of the groyne, but a sea-wall where the 
waves impinge upon it will by itself bring about 
the denudation of a foreshore. If high groynes, 
p'aced at short distances apart, abut on a wall 
they minimise the tendency of a sea-wall to pro- 
duce a scour, as they break up the force of the 
wave-action. Where beach continues to advance 
seaward the level of the ‘‘ full” does not alter. 
The height of these falls should not be exceeded 
by the height of a groyne where it terminates 
against a wall or cliff, unless a heavy scour on its 
leeward side is a matter of no importance. Spur- 
groynes placed on the leeward side of a break- 
water or pier will be found useful in accumulating 
beach. The collecting capacity of any groyne 
may be measured in terms of its length seaward. 
It can be demonstrated easily that the lengthening 
of a groyne has produced invariably a useful and 
noteworthy effect, by driving back the high and 
low-water marks on a foreshore. Extension be- 
yond low-water mark may best be carried out by 
driving sheet-piling from an overhead gantry, the 
gantry piles subsequently forming stays to which 
the sheeting is braced. In this manner groynes 
from 300 ft to 500 ft. in length can be constructed 
at a moderate outlay without serious inconvenience 
from loss of time.—W. T. Douglass, /roc. 
Inst. C.E., Vol. CLIV. (Eng. Conf., Sec. Il. ), 
June, 1903. 


Foreshore Pro- 
tection and 
Travel of Beaches. 





THERE is now building across the Hudson 
River at Spier Falls, a large masonry dam for 
The Spier — development purposes. As 
Falls Dam, ‘Shown in the general plan repro- 

duced, the structures will consist 
of an overfall section, on the Warren County side, 
817 ft. long ; a section across the river, 10 ft. and 
12 ft. higher than the overfall, 552 ft. long; and, 
at right angles to the Saratoga County end of the 
river section, a dam forming one side of the intake 
canal, and extending in an easterly direction 
403 ft. to an overfall across the end of the canal. 
From the intake canal, ten penstocks carry the 
water down to the power-house, which extends 
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THE SVtIER FALLS DAM. 


along the river bank, with one end on the dam. 
The dam forms a reservoir 5} miles long and 
about § mile wide, and one foot draft on it will 
furnish about 100,000 h.p. hours. The head will 
be 80 ft., and at low water, 20,000 h.p. can be 
developed on a twelve-hour basis. When the 
storage of the upper Hudson is developed the 
plant can be run to its full capacity, 40,000 h.p., 
all the year round. The overfall section of the 
dam is built on a terrace about 30 ft. above the 
river level. The profile of its downstream face 
is an ogee curve, and the upstream face is slightly 
battered. The foundations of the dam were in all 
cases carried to a clean firm rock free from seams. 
This necessitated very extensive excavation under 
the spillway, as the rock here was very seamy. 
The power-house is a brick building, 70 ft. 10 ins. 
by 392 ft. inside. Across the upper end of the 
building is the transformer and switchboard room, 
and the remainder of the building is divided by 
the longitudinal wall into the generator and wheel 
rooms. The foundations are of concrete, and 
the rock is excavated under the building so as to 
give a depth of 14 ft. of tail water. Of the gene- 
rators, eight are 2,500 kw. and two 2,000 kw. 
three-phase 2,000-volt 40-cycle revolving field alter- 
nators, direct connected to ten pairs of turbines on 
horizontal shafts. These wheels are 54 ins. and 
42 ins. diameter, and are rated at 5,300 gross h.p. 
for the 42-in. wheels, under a head of 75 ft. 
There are two 125-volt, 150-kw. exciters, and 
one 125 volt, 300 kw., each driven by a separate 
wheel. Ducts for cables lead from the machines 
to a room beneath the floor at the upstream end 
of the building. In this room is the low-potential 
switchboard, from which the lines run to the 
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transformers. There are thirty 833- 
kw. and seven 970-kw. air-cooled 
transformers. Along the river side 
of the building is an operating board, 
with all the necessary instruments 
and switches, so that the whole plant 
is under the control of-one man. The 
transmission lines will eventually con- 
sist of five circuits designed for a 
30,000-volt potential. One line leads 
to Glens Falls, and the others to 
Schenectady and Albany.—G, E. 
Howe, ug. Rec., Vol. XLVI. 
No. 26, pp. 688-692. 


For temporary work, one of the 
editors of Eugineering News some 
years ago built a 
small cofferdam in 
a quarry where it 
was necessary to 
divert a creek 
from the quarry site in the creek bed. 
Crushed stone and screenings were 
rammed and puddled between plank 
walls to form the coffer-dam, clay 
not being available, while the stone 
and screenings were right at hand. 
The results were satisfactory. In 
building a macadam core wall for a 
permanent dam, the use of a steam 
roller to consolidate the macadam would be 
advantageous. Ifthe dam is too small to permit 
this, we have left two means by which to effect 
consolidation and filling of the voids: (1) ramming, 
and (2) puddling the screenings into the voids 
with water. In canvassing the permanence and 
the water-tightness of such a macadam core, it 
may be of interest to recall that macadam rolled 
or rammed to place and puddled with fine stone 
dust is really a concrete, and may have very con- 
siderable strength. Although not generally known, 
it is nevertheless a fact that unburned limestone 
dust mixed with water and slightly compressed 
hardens almost as if it were a cement. Dust of 
other stone also possesses this settling action to a 
greater or less degree. Felsite, for example, 
shows an exceedingly high cementation value 
according to the Massachusetts Highway Com- 
mission experiments. Even quartzite dust ranks 
with some of the limestones in cementing value. 
As yet we do not know why fine stone dust sets 
or ‘*cements” when subject to pressure in the 
presence of water. Whatever the cause may be, 
the indisputable fact is that rock dust does set 
under suitable conditions, and it is immaterial 
whether it possesses this strength in virtue of 
physical or of chemical action, so long as the 
strength is there.—The Editor, Zug. News, 
Vol. XLIX., No. 26, p. 567. 


Macadam as a 
Core for Dams 
and Reservoir 
Embankments. 


A COMPARISON between the anemometer records 
made by the instruments of Mr. Bent at the 
The Le Heysham Harbour Works, 
Viaduct Accident. and of Capt. Wards at 

Barrow, is exceedingly in- 


teresting. Barrow is about 11 miles north-west 














slags 








erent 


rt Reni ne Bah 








Engineering Abstracts. 


of Heysham, and 9 miles from the scene of the 
accident, and Heysham is about 11 miles south of 
the Leven Viaduct. We reproduce in Fig. 1, a 


portion of the 24-hours’ record at Heysham. The _ 


wind reached its maximum between 6 a.m. and 
7am. on the 27th February, then travelling at 
the rate of 97 miles an hour. At the time of the 
accident, the velocity of the wind is stated by 
Mr. Bent to have been about 55 miles an hour, 
which, by the formula used at Bidstone Observa- 
tory, 552100, is equal to 30} lbs. on the square 
inch. Very different is the record obtained by 
the instrument under the charge of Capt. Wards 
at Barrow. A portion of the record is reproduced 
in Fig. 2. Roughly speaking, from 4.30 to 
8 o’clock a velocity of 100 miles an hour was 
registered. There appears to be no reason why 
the velocity at Barrow should have been so much 
greater than that at Ileysham. There seems to be 
good grounds for thinking, however, that the 
higher velocity wind reached the Leven Viaduct. 
We know that its force was so great that to stand 
upright on the viaduct was found impossible by 
those who extricated themselves from the over- 
turned train. It is curious to note that although 
the two places, Heysham and Barrow, are so close 
together, the storm reached its height at such 
different times, though in each case the recorded 
maximum was practically the same, namely, 
97 miles and 100 miles an hour respectively.— 
Engineer, Vol. XCVI., No. 2,479, p. 21. 


IF we turn to the Continent we find the change 

from hydraulic to electric appliances about docks 

is becoming almost 

The Modern Equipment yniversal. The elec- 

of Docks—Hydraulic tric transmission of 
and Electric Appliances. peace 8 

power can do every- 


thing that the hydraulic transmission of power 
can, and a great deal more besides, and at a 
cheaper rate. With the same set of engines and 
boilers, every-appliance that requires power can 
be driven, the workshops can be kept running 
and the docks can be lighted, and there is that 
combination of a day- and night-load which is 
dear to the heart of every electrical engineer. 
There is not very much difference between the 
first cost of an electric and of a hydraulic crane 
installation. When we look at efficiency we find 
that the electric crane easily surpasses the hydraulic. 
The following figures represent the results of a 
test made at Glasgow in March last on a com- 
pound 5-ton and 3-ton hydraulic crane, and a 
3-ton electric crane : 





= Loap. 
Type of Crane. 


1 ton. | 2 tons. | 2} tons. 3 tons. 





236°7 | 236°7 | 2367 | 236°7 
83°3 | 160°4 | 197°9! 241°9 
Ratio + pee me ST ee 0°983 
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The relative cost of the watt-hour delivered to a 
crane on either system is not dealt with by the 
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%& From 6.15 a.m to 6 45 am. The instrument 
records 484 miles or a velocity of 97 miles 
an hour for that half hour. 
LEVEN VIADUCT ACCIDENT. 


1.— WIND RECORD AT HEYSHAM. 
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2.—WIND RECORD AT BARROW. 









Accident 





Qs | 


Midnight 








262 


author, but he says that even if the cost of working 
by electricity were slightly more, the extreme 
flexibility of the system would be sufficient to 
carry the day in its favour.—W. Pitt, / 7c. 
Inst. C. E., Vol. CLIV., Eng. Conf., Sec. Il., 
June, 190}. 


METALLURGY. 


THE principle of the compression of hot steel 
when applied to the manufacture of axles has the 
following advantages : (1) The 
net cost of the axle is lower, 
and with the same staff and in 
the same time the output is treble that obtained 
by the ordinary processes; (2) The resistance of 
the metal is increased and approaches that of nickel 
steel ; (3) The expenses of fitting are decreased. 
The idea of the hollow axle is by no means new, 
but the methods used up to the present have 
proved too costly or have not yielded the desired 
resistance in the axle. In principle the new 
method differs entirely from the older ones in that 
it produces at one operation an axle with a solid 
centre and hollow ends. A cylindrical steel blank 
uniformly heated is inserted in a two-part die, 
having a matrix cavity in the form of a rough 
turned axle. The external diameter of the blank 
is equal to that of the die in the middle and at the 
spindles. The two halves of the die are cramped 
on to the heated blank, and the latter is axially 
perforated simultaneously at both ends by two 
pointed punches of 76 mm, diameter, which com- 
press and ram the metal into the hollows of the 
die. This operation is conducted at a temperature 
of 1000 degs. C., and the effort exercised on the 
punch to produce its penetration is about 50 tons. 
Towards the end of the stroke, owing to the blank 
losing some of its initial heat through contact with 
the dies, and also to the upsetting of the end 
collars, at which time the metal may flow back 
against the punch, a total effort of 150 tons is 
required. The temperature of the blank should 
be absolutely uniform, effectual tests at Homestead 
have shown that the lowest temperature permitting 
of punching is about 850 degs. C. At this tem- 
perature the entrance of a punch is difficult 
and necessitates a pressure of 250 tons at the 
beginning and one of 500 tons at the end of the 
stroke. Nevertheless the axle thus made presents 
a good surface, and the die is exactly filled by 
the metal. At 950 degs. C. the final pressure 
necessary is not more than 250 tons, and at 
1,050 degs. C. it is only 150 tons. The 
material of which the dies are made is best 
machine cast iron, water-cooled in order to 
prevent deformation of the cavity. Angles are 
filleted, and the interior coated with blacklead in 
order to prevent sticking. The blanks are heated 
in a Howard furnace, from thence sing to a 
straightening machine, composed 4 pair of 
cross rolls, each roll being worked by an electric 
motor of 75 h.p. These rolls impart a forward 
and a rotating movement, which results in a 
perfectly cylindrical and straight blank. The 
diameter of the rolls being unequal, the blank is 
pressed against an under guide, which completely 
cleans its surface of scale, and delivers a smooth 


Hollow-Pressed 
Axles. 
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and clean blank to the press. On leaving the 
rolls, the blank is mechanically carried to a lateral 
transfer device, stopped by a buffer, and caused to 
roll into the bottom half of the die. The two 
halves of the die are forced together and locked, 
the ends of the blank pierced by the punches, 
which penetrate beyond the wheel seat portions, 
displacing the metal outwards so as to fill the 
cavities of the dies, giving to the wheel seat and 
taper portion of the axle their proper size and 
contour. The rear portion of the punches engage 
the ends of the axle blank, and force them 
inwardly toward the die cavity, and thus by 
compression shape up the ends forming the 
collars. The axle is removed from the die by 
mechanical means, and the journals and wheel 
seats subsequently turned up. Many trials have 
been made relative to the nature of the metal 
employed for the punch, and eventually high 
carbon Bessemer steel was adopted. To prevent 
the point of the punch welding to the axle, it is 
covered with a drop forged steel cap. These 
caps neatly fit the point of the punch, and by 
pressure are welded to the blank. The punch 
being thus protected from injury, is readily 
withdrawn, and after cooling is ready to receive a 
new cap for the next operation. ‘To lessen the 
heating effect on the punches, the operation ought 
to be rapidly conducted, and by the special 
facilities employed the penetration is actually 
performed in from four to five seconds. As a 
further protection, the punches are coated 
with black lead. The foregoing remarks 
formed the basis of a memoir recently pre- 
sented to the Iron and Steel Institute by 
M. Mercader, who thus summarises the advan- 
tages of the process: (1) The axle has a perfect 
form, and is excellently adapted to resist the strains 
to which it is subjected; (2) A saving of 33 per 
cent. of steel in manufacture; (3) The forging 
effect being both internal and easternal, the struc- 
ture of the steel is more homogeneous than 
ordinary forged axles; (4) ‘he weight of a 
45-tons capacity steel car is decreased by 1°7 per 
cent., permitting this load, which amounts to 10 
tons in a train of 40 steel cars, to be carried with- 
out any additional expenditure of energy ; (5) The 
journals being highly compressed will, in finishing, 
attain a more highly polished surface, thereby 
diminishing friction; (6) The journa's being 
hollow will remain colder and will permit of being 
used as a reservoir for oil; (7) No straightening 
after punching is required, the axles being as 
straight as the die ; (8) Flawsare readily apparent, 
hence rough turning-the axle to expose defects 
becomes unnecessary; (9) Finally, triple the 
ordinary production is obtained from the same 
number of hands.\—M.R., Ze Génie Civil, 
Vol. XLII1., July 11, 1903, pp. 166-169 —P. L. 


A sort steel of 0°12 per cent. carbon on quench- 

ing does not become fragile, but a similar steel 

containing up to Io per cent. 

New Researches pickel, if quenched and tested 

on Nickel Steels. b eid 

yy shock, appears to possess 

a greater fragility than ordinary carbon steel as 
shown in the tollowing table :— 
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No. — Annealed Steel.'Quenched Steel. 
Carbon. | Nickel. | — 
I | 0°120 | 0°00 Very variable. 36 
2 | 0'070 | 2°00 35 28 
3 | 0125 5°23 33 15 
4 0125 7°13 2 10 


An interesting point is that a quenched steel con- 
taining © 25 per cent. carbon and 10 per cent. 
nickel presents a very similar structure to that of 
an ordinary carbon steel quenched from a high 
temperature. When 20 per cent. nickel is reached 
the steel contains some y iron, and microscopical 
examinations shows that the martensite appears to 
take a crystalline form recalling hardenite. The 
first experiments on the action of cold on nickel 
steels have shown that the foregoing martensitic 
structure is developed in a steel originally having 
a polyhedral structure by subjecting it to a tem- 
perature of — 78 degs. C , whilst for other steels 
this transformation commences at 0 degs. C. It 
was, therefore, thought that by producing a tem- 
perature of —180degs. C by means of liquid air 
the action would be more marked on steels which 
are affected by a temperature of —78 degs C., 
and that steels unaffected by the latter temperature 
would, at the lower temperature of — 180degs. C., 
begin to show the transformation. These surmises 
have been justified by actual experiment, and 
may be summarised as follows:—(1) Steels of 
08 per cent. carbon and 20 per cent. nickel 
showed, when subjected to a temperature of 

180 degs. C , a more marked decomposition 
than when immersed in one of -—78 degs. C. 
only; (2) Steels o°8 per cent. carbon and 
25 per cent. nickel, on which a temperature of — 78 
degs. C. is without action, after immersion in 
liquid air show the transformation of the poly- 
hedral structure into the martensitic one ; (3) Any 
steel the structure of which has by any kind of 
treatment been changed from a polyhedral into 
a martensitic one cannot be improved by further 
treatment.—_Léon Guillet, Ze Génie Civil, 
es XLITT., June 27th, 1903, pp. 134-136. 
—P. L. 


THE author has conducted a most extensive 
series of tests of various bearing metal alloys from 
the results of which the follow- 
A Study of ing conclusions are drawn. 
Alte ssuitable = (1) The rate of wear diminishes 
or Bearing : F 
Purposes. with the decrease of tin. 
(2) The rate of wear decfeases 
with the increase of lead—arsenic and phosphorus 
apparently having no effect on the wearing quali- 
ties. In view of these results it seemed desirable 
to produce an alloy with as much lead and as little 
tin as possible, not only for the reason that such 
an alloy is less liable to heat in service and at the 
same time show a diminished rate of wear, but also 
because the two expensive metals, copper and tin, 
are replaced by the cheaper metal, lead. In 
experimenting towards this end it was discovered 
that a certain amount of tin was necessary for 
retaining the lead without segregation and also to 
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give to the alloy the requisite compressive strength, _ 
but if this amount is exceeded unsatisfactory re- 
sults follow. Thus alloys containing 5 per cent. 
tin and 30 per cent. lead were successfully made, 
but with the same content of lead and tin exceed- 
ing 6°5 per cent. the alloys were failures. The 
reason for this may possibly be found in the 
amount of eutectic formed. As the tin increases 
the eutectic correspondingly increases, and it may 
be readily imagined that a large bulk of the alloy 
cooling down from a temperature above that of 
the melting point of copper to 930 degs. Fah. 
(the solidification point of the eutectic) must 
necessarily remain liquid in the mould a long time. 
The lead has a solidifying point 300 degs. Fah. 
lower than that of the eutectic, and has therefore 
every chance, owing to its high density, to liquate 
to the bottom of the casting. In the absence of 
eutectic or in the presence of a small quantity 
only, solidification takes place soon after entering 
the mould. . Where the tin is present to the extent 
of 5 per cent., a copper tin network is formed 
through the alloy which upholds or imprisons the 
still liquid lead, hence preventing liquation ; the 
micro structures of these alloys consisting of a 
network of copper-tin enclosing large areas of 
mechanically held lead. Test results obtained 
from a series of copper-tin and copper-tin lead 
alloys are classified in the appended table :— 














Analysis. Friction Tmptre.| Wear 
oh eee ¥ sae above in 
Copper.| Tin. | Lead. in lbs. room*F.| grams. 
|85°76| 14°90, — | 13 50 | 0°2800 
|90°67| 9°45) — 13 51 |0°1768 
9501) 4°95| — | 16 | 52 |0°0776 


| 90°82 | 4°62} 4°82) 14 53 | 0°0542 
| 85°12 | 4°64, 10°64! 184 56 0'0380 
81°27 | 5°17| 14°14; 184 58 |0°0327 

75°00?) 5°00? 20°00? 184 58 |00277 
68°71 | 5°24| 26°67| 18 58 | 0°0204 
64°34) 4°70| 31°22) 18 44 0'0130 


COON QUA wW DH | 


The conditions under which these tests were 
carried out were identical, and were as follows :— 
Total number of revolutions made, 100,00C ; 
revolutions per minute, 525; size of journal, 
3? ins. diam. by 34 ins. long ; pressure per sq. in. 
in pounds, 1,000; lubrication, galena coach oil 
fed by cotton waste. Results obtained by follow- 
ing the foregoing method of alloying the lead 
with the copper and tin, whilst good, do not 
entirely meet everyday foundry conditions. For 
instance, the presence of accidental impurities or 
casting at too high a temperature may cause a 
slight segregation of lead, and it therefore seemed 
desirable to add to the alloy some metal of high 
melting-point which would assist the solidification. 
The addition of 0°5 to 1’o per cent. nickel has 
been found very effective, and completely prevents 
any chance of segregation. A very suitable alloy 
for general purposes is composed of copper 64 per 
cent., tin 5 per cent., lead 30 per cent., and nickel 
1 per cent.—G. H. Clamer, /ourn. Franklin 
Inst., Vol. CLVI., No. 1, pp. 49-77.—P. L. 
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WHILsT the composition of a good malleable 
casting resembles that of a roll or car-wheel, yet 
the fact that it can be twisted, bent, 
spateephte and hammered out hot or cold, and 
has double the tensile strength, shows 
that the construction of the castings is quite dif- 
ferent. The difference in constitution is due to 
the condition of the carbon. An ordinary grey 
iron casting contains from 3 to 3} per cent. 
graphite. A malleable iron casting also contains 
a similar amount weighed as graphite in the 
analysis, but radically different in its characteristics. 
This form of carbon, due to annealing, has been 
called temper-carbon by Ledebur, who first des- 
cribed it in connection with the malleable process. 
It is essential that the casting previous to annealing 
should contain no graphite, that is all the carbon 
must be in combination with the iron. The lowest 
limit for carbon in the pig-iron used may be fixed 
at 2°75 per cent., whilst the upper limit for 
common work is fuund in the saturation point of 
this grade of iron, or about 4°25 percent. The 
content of sulphur should not exceed 0°05 per cent , 
whilst that of phosphorus should be below 0°225 
per cent. The content of silicon varies with the 
weight of the casting, and with heavy castings 
must be kept low in order to get a white iron in 
the sand. For the heaviest castings silicon should 
not exceed 0°45 per cent., whilst in ordinary work 
0°65 per cent. is usual. Agricultural work may 
contain 0°80 per cent., and very light castings 
1°25 per cent , which forms a limit it is not advis- 
able to exceed. American melting practice 
favours the use of the reverberatory furnace, a few 
of the larger works employing the open-hearth 
type of furnace. The latter is the most economi- 
cal, provided it can be continuously worked. 
American annealing practice differs from European, 
in that the latter aims for a complete removal of 
the carbon, whilst the former attempts its conver- 
sion from the hard carbide into temper-carbon, 
rather than its actual removal. The annealing 
process may be described by a curve which runs 
up quickly, remains horizontal for a time, and 
then gradually drops—that is, a sharp heating up 
in the shortest safe time possible, an even main- 
tenance of temperature for two full days, followed 
by a slow cooling down to a black heat before the 
ovens are drawn.—-Dr. R. Moldenke, Jour. 
Amer. Foundrymen’s Assocn., Vol. XTT., Part 1., 
pp. 1-10.—f. Z. 


Mr. E. S. SPERRY, in a communication to the 
American Institution of Mining Engineers, dealt 
with the influence of telluium 

Bo ae me on the properties of brass. To 
on Brass. a standard alloy of 60 per cent. 
copper and 40 per cent. zinc 

tellurium was added in amounts varying from 
‘O5 per cent. to 1’o per cent., this addition slightly 
lowering the content of copper. The alloys were 
subsequently subjected to hot and cold working 
tests, from the results of which the following con- 
clusions are drawn. The amount of tellurium 
ordinarily present in refined copper does not sen- 
sibly affect the rolling properties of high quality 
brass. If, however, the copper contains more 
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than ‘I per cent. tellurium (which in a brass con- 
taining 60 per cent. copper gives 0°06 per cent. 
tellurium) the alloy has a tendency to split during 
rolling. The presence of tellurium does not appear 
to affect the quality of the brass when worked 
hot, thus presenting a marked contrast to copper, 
the hot working properties of which are destroyed 
by the presence of a few thousandths per cent. of 
tellurium.—Dubois, Za Revue Minéralurgique, 
July, 1903.—P. L. 


Scrap nickel anodes are usually melted in 2 
crucible, but by conducting the operation in a 
cupola the following results were 
obtained. The scrap melted 
was worth £45 115s. 54¢; 640lbs. 
of coke were used, valued at 
9s. 44d. ; the cost of moulding at 12s. 6d. ; labour 
cost at 8s. 47., or a total cost of £47 1s. 84. The 
yield obtained represented 635 Ibs. of nickel 
anodes worth £66 2s. 11d., and 75 Ibs. of scrap 
worth £3 18s. 3¢., making a profit on the 
operation of £22 19s. 54.—A. K. Beckwith, 
Journ, Amer. Foundrymen’s Assocn., Vol, X11., 
Part I., p. 146.—P. L. 


Recovery of 
Nickel from 
Scrap Anodes. 


PURE iron is built up of crystals of ferrite. As 
other elements are added to this iron the structure 
becomes involved until a point is 
ibe Mase. reached when the crystals of ferrite 
Cast Iron. are replaced by complex ones. 
Foundry irons contain appreciable 
quantities of elements other than iron which, with 
the one exception of graphite, tend to combine 
with the iron, forming definite compounds distin- 
guishable under suitable magnification.—Percy 
Longmuir, Journ. Amer. Foundrymen's Assn., 
Vol. XII., Part /., pp. 95-102.—P.L. 


As an aid to continuous melting, the author has 

installed an automatic slag conveyor, composed of 

a series of buckets on an endless 

p Bane ng Slag chain. These buckets, passing 

Conveyor. under the slag spout, receive the 

fluid slag, which quickly solidifies, 

and the buckets, in turning over the extreme 

pulley, drop the blocks into cars.—Thos. D. 

West, Journ. Amer. Foundrymen’s Assocn., Vol. 
XI/., Part I., pp. 111-114.—P. L. 


THE Tropenas Converter is supplied with two 
rows of tuyéres placed horizontally through the 
side of the vessel and extend- 

The Small ing round a portion only of 
Converter Process the circumference. It is 
+. ae of _ lined with silica brick and 
Steel Castings. usually has a capacity of two 
tons, the daily output from 

one converter varying from two up to 20 tons. A 
calculated mixture of pig-iron is melted in an 
ordinary cupola and transferred to the converter, 
the surface of the metal rising to the bottom edge 
of the lower row of tuyéres. After filling, the 
vessel is inclined at a small angle, thus making the 
tuyéres slope slightly towards the surface of the 
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bath, which is then blown by blast at a pressure of 
3 lbs. During the first stage of the blow the 
lower tuyéres only are used. Oxidation com- 
mences, and the silicon is eliminated whilst the 
carbon is converted from the free into the com- 
bined condition. When, by the combustion of 
the silicon the temperature has been raised fo a 
certain point carbon and manganese commence to 
oxidise, and on the appearance of the carbon flame 
the upper tuyéres are opened. The carbon 
partially consumed by the lower tuyéres is supplied 
with supplementary oxygen from the upper ones 
and completely burned to CO,, generating further 
heat, which is absorbed by the bath. This forms 
one of the important features of the Tropenas 
process, rendering the steel exceedingly hot and 
fluid, and therefore very suitable for light castings. 
The blow occupies about 20 minutes, and on its 
termination the converter contains a bath of 
practically pure iron. Recarbonisation is made in 
the converter if the entire heat is desired of the 
same composition or in individual ladles if different 
tempers are required. The following table shows 
the changes taking place during the blow :— 
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Many experimenters have dealt with the 
absorption of hydrogen by other metals, Miiller’s 
experiments (1882) having given rise to further 
“investigations of the hydrogen alloys of iron. By 
absorbing hydrogen, galvanic iron will assume a 
greater hardness, the gas thus absorbed being 
given off completely at a temperature of 99°C. 
When heated up to higher temperatures, however, 
iron recovers its capacity for absorbing hydrogen, 
a maximum corresponding with a temperature of 
about 800°, as shown by Heyn. This hydrogen 
is given off, when cooled slowly, but not by 
chilling. As, however, fused iron is found to 
contain very great amounts of hydrogen, the 
existence of a second maximum may be antici- 
pated. 

As regards the state of hydrogen in iron, the 
authors adopt the hypothesis of ordinary alloys 
being formed, which, however, are decomposed 
readily at ordinary temperatures. According to 
Graham, as is known, hydrogen would be the 
vapour of a metal, the non-metallic properties 
exhibited by solidified hydrogen (—258°t) being 
no evidence of the contrary, as the carbon of iron 

and that taking the form 
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phenomena in question, 
> the authors state that 
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0°08 oun | 0°226 the presence of silicon 
4 74 | 32 prevents the liberation 


0°038 0°038 pa. of the hydrogen alloyed 
oe oe he to iron. High percen- 
we | Coes Se tages of carbon will 





diminish the absorption 





Arthur Simonson, “ 7%e /oundry,” July, 
1903, pp. 189-192.—P. LZ. 


THE authors vive some tables recording the 
results of experiments relative to hydrogen alloys, 
the table below giving result of 


of hydrogen, whereas 
manganese, and very likely, nickel and cobalt, 
exert an inverse effect.—Dr. Wedding and 
De. Th. Fischer, Paper read before the 
Berlin Congress for Applied Chemistry, /zme 
1903; Stahl und Eisen, XXTI1., No. 13, pp- 
798-799, July 7, 1903.—A.G 











| = Seal hydrogen-iron combination. 

Ba: sn, IN a memoir presented to the 

1 vol. of metal 1 gr. of metal 1 gr. of metal American Society for Testing Ma- 
absorbs vol. of absorbs hydro- absorbs hydro- terials, the author 

hydrogen. gen. gen. The Physical urges the necessity 

ccm. mg. treneree of ofa special clause 

oe ea Mc —— Cast Iron as_ in the _specifica- 
~— Hematite | . intpencss tions for ‘‘mal- 
x- al ie o'0 0°002 0°0002 e ; a ” 
Gdid Mancihe Process of an wor 
rt Manufacture. /imiting the pro- 

_ Pig-Iron_ ... o. 0°062 0°009 0°0008 cesses allowable in 
Grey Pig - Iron (at ’ ; its manufacture. The necessity for 
800" oes see 0°63 0°088 0°0079 this action is found in the recent 
Pig-Iron from Con- developments of the heat treatment 
verter “54 “. 0°227 0°030 0°0027 of cast iron. Ry subjecting the hard 
Ingot Iron (Basic casting to a much higher tempera- 
Metal) _ “ 0°129 o°016 O°OO14 ture than that” usually employed, 
Ingots from Martin the time of annealing is consider- 
Furnace 2 8—3'°7 0°36—0'48 | 0°033—0°043 ably shortened, but the properties 
Welding-Iron o°1I5—1°6 0°02—0°2 0'0018-0°017 of the casting are not so reliable 
Galvanically De- as those annealed in the ordinary 
posited Iron up to 248 32 2°8 manner. Therefore, until knowledge 
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of the heat treatment of cast iron is more exten- 
sive, it will be well to demand in specifications 
of malleable cast iron that the castings have been 
annealed for a minimum number of hours at 
the usual temperature. For light work this 
minimum might be placed at 60 hours, and 
for ordinary or heavy castings at 72 hours.— 
Dr. R. Moldenke, Zvg. News, Vol. L., 
No. 2, p. 45.—P. L. 


IN the accompanying diagram the blast furnace 
‘*zones” are shown, and the temperature at which 
the various reactions take 
place. This chart has been 
constructed on results ob- 
tained chiefly from Cleve- 
land ore smelted with coke fuel and limestone 
flux, but, as an examination will show, it is prac- 
tically a constant for almost any type of blast 


Temperature Re- 
actions in the 
Blast Furnace. 


Feilden’s Magazine. 


furnace. The chemical reactions, and their rate 
at different temperatures, are clearly indicated by 
the portion of the diagram marked ‘‘ Percentages,” 
showing also the chemical action occurring in the 
various zones of the furnace. The rapid increase 
of heat intensity in the hearth of the furnace is 
forcibly shown in the temperature curve, which 
also indicates the portions of the furnace structure 
requiring protection by water cooling. — Hi. 
Allen, 7%e Engineer, July 24, 1903, pp. 84, 85. 


PRIME MOVERS. 
WITH the hope of being able to contribute some- 
thing to the better understanding of the relations 
of some of the factors of the pro- 
Sy blem for the Otto-cycle gas engine, 
an investigation w2s begun in the 
laboratories of Purdue University in 1896, and 


TEMPERATURE REACTIONS IN THE BLAST FURNACE 
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has been continued since that time. The difficulties 
of an investigation of the sort here reported may be 
better appreciated, perh@ps, when it is known that 
no very satisfactory advance in the problem as a 
whole was made until the fourth year of investiga- 
tion. In the attempt during the fifth year to 
verify the results of the fourth, a number of con- 
tradictions were met which necessitated a sixth 
year’s work in order to determine which of the 
two previous years’ records should be accepted. 
From the records now presented it appears: (1) 
From the standpoint of the indicated horse-power, 
the lowest gas consumption and the highest 
thermal efficiency are secured under the fullowing 
conditions: Ignition between normal and late, 
jacket temperature, the lowest used, or 90 degrees ; 
speed, the lowest tried, or 150 revolutions per 
minute ; brake horse-power at about 0°6, the 
normal capacity of the engine. (2) From the 
practical standpoint of gas economy and thermal 
efficiency based upon brake horse-power, the 
frictional horse-power is an exceedingly important 
factor, being in many cases sufficient to more than 
counterbalance decided thermal disadvantages. 
The lowest frictional horse-power and the highest 
mechanical efficiency are secured with late ignition, 
high jacket temperature, low speed, and the 
highest horse-powers available under the condi- 
tions thus defined. (3) The importance of friction 
as a factor in realising high thermal efficiency 
based upon brake horse-power, is emphasised by 
the fact that the highest efficiency is secured under 
substantially the same conditions as specified in 
(2) for obtaining the least amount of friction 
and the highest mechanical efficiency.—C. H. 
Robertson, 77ans. Am. Soc. Mech. Eng., Vol. 
XXIV., June, 1903. 


In determining the advantages to be obtained 
from superheating, it should be understood that it 
is not sufficient to compare 
the consumption of saturated 
and superheated:steam. The 
general working of an installa- 
tion ought to be studied, and the mean cost per 
horse-power should be taken as the basis of com- 
parison, In order to give the results of his 
experiments every guarantee of his authenticity, 
the author obtained the co-operation of Prof. 
Shroter, of l’Ecole Polytechnique de Munich, and 
of M. Vingotte, Directeur de l’ Association pour la 
Surveillance des Chaudiéres, two recognised 
authorities in connection with engine trials. All 
the figures obtained have been recorded in tables, 
and curves have been traced showing the con- 
sumption of steam. The first conclusion to be 
drawn from these t:ials is that economical engines, 
when worked with superheated steam, maintain 
their advantages over wasteful engines. Never- 
theless it appears that superheating is of benefit 
chiefly to inferior types of engines. As shown by 
the various tables given by the author, the 
economy of superheated steam as compared with 
saturated steam amounts to 20 p.c. up to 300 degs. 
C., and to 30 p.c. at 350 degs. C. ; but these are 
the apparent economies, for it is the consumption 
of heat that must be considered. Superheated 


Steam Engines 
and Super- 
heated Steam. 
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steam contains more heat units than saturated 
steam, and naturally requires more fuel for its 
production. Therefore, in order to ascertain the 
nef gain, it is necessary to compare the quantities 
of heat consumed per h.p. By plotting the curve 
of superheated steam consumption, in this manner 
comparison may easily be made with the relative 
curve of saturated steam, and the net economy 
then becomes evident, and as shown by the tables 
the net economy at 300 degs. C. is about I0 p.c., 
and at 350 degs. C. about 15 p.c. The diagrams 
traced by the author indicate a very simple law, 
which, if not quite exact, is approximately correct, 
viz., The economy due to superheating, as also 
the reduction of steam consumption, is proportional 
to the degree of superheat. This law is true up 
to 350 degs. C., but above that point, and 
especially above 375 degs. C., the increase of 
economy decreases with the increase of tempera- 
ture. The law shows, however, that it is a 
mistake to limit superheating to 250 degs. C. if the 
power produced be alone considered ; there is 
clearly an advantage in going as far as 350 degs. C. 
in compound engines.—A, Wanderstegen, 
Annales del Assoc. des Ing. de Gand. Tome /1. 
pp. 1-27. 


THE water-bottom type of producer has become 
general, and very few of any other kind are now 
built. In the early days of pro- 

Some Repent ducers two well- marked types 
Gas Producer. Were in use—the bar-bottom and 
the centre-blown. Both types are 

still used, modified so as to allow of the use of the 
water-bottom. Of the bar-bottom producers the 
best known and most successful is that of Mr. Duff. 
In this producer the air and steam are blown under 
bars placed in the form of an inverted V, so as to 
slope in both directions, and allow the ashes to 
slide down into the water-trough on each side. 
The latest of the centre-blown converters is that 
of Messrs. Smith and Wincott, in which air and 
steam enter the producer horizontally, and are thus 
very uniformly distributed. The hottest region of 
the producer is in the centre, and, the air and 
steam openings being vertical or sloping back- 
wards, ash and fuel cannot possibly rest on them 
and choke them. This producer, therefore, allows 
of the use of almost any fuel. A new type of pro- 
ducer has been introduced by Messrs. Duff and 
Whitefield. In this the air, with a small quantity 
of steam, is delivered under the grate, and the gas 
is drawn off from about half-way up the producer, 
instead of from the top. From the upper part of 
the producer a series of openings at different levels 
lead to vertical mains, which, by means of hori- 
zontal pipes, open again into the producer near 
the bottom. A steam jet blows into the vertical 
tubes, and enough hot gas is thus drawn up through 
the fuel to distil off all volatile matters. These 


are carried forward, mixed with steam, into the 
incandescent fuel, which, being at a high tempera- 
ture, breaks up the tarry matters into a fixed car- 
bon (which is consumed) and permanent gases, the 
steam of the steam jet being also decomposed, and 
any carbon dioxide found at the comparatively 
low temperature of the upper part of the producer 
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is converted into carbon-monoxide. Thus a 
gas is obtained which is quite free from tarry 
matters. When the gas is to be used for gas- 
engines it is passed through a_ superheater, 
then through a coke sculler to wash out any dust, 
and through sawdust drying boxes. Up to 
the present gas for gas-engines has almost 
always been made in producers using coke as fuel ; 
but by this new type of producer the difficulty 
of preparing a good gas of high calorific power 
from coal, without the use of very elaborate 
cleansing apparatus, seems to have been solved. — 
A. H. Sexton, Prac. Eng., Vol. XXVI1, 
No. 853, pp. 7-9. ° 


In Machinery, March, 1899, was an article by 
the writer on ‘‘ The Corliss Governor and Fly- 
wheel Accidents,” in which 

patties, Govesner were tabulated some of the 
Corliss Engines. Corliss engine accidents that 
had occurred attributable to 

the governor belt. At the same time it was 
recommended that belts be replaced by positive 
drives. Since then he has fitted positive drives 
to three large power engines and two large ice 
machines with gratifying results. In the former 
case, before putting on the positive drive, the 
governor belts were a continual source of trouble 
and anxiety. It was impossible to keep oil from 
the belts. It was difficult to cut two generators 
in together, and still more so to cut three generators 
in together, while it was no uncommon thing for 
the circuit breakers to fly out, owing to poor 
engine regulation. This trouble has ceased since 
the positive governor drives were installed. The 
generators can be easily and quickly cut in together, 
while they adjust themselves much more quickly 
to their proportionate load. The engineers and 
oilers appreciate fully the improved working con- 
ditions of the engines and generators. The gears 
are cut steel gears, and run very quietly. In the 
ice machine drives two Ball ice machines were 
fitted with cut steel sprockets and ‘* Morse Rocker 
Joint” chain. Here, again, there was always 
trouble with an oily, slack governor belt. Since 
the chain drives were substituted for the belt 
drives the machines run more steadily at all speeds 
from 17 to 75 revolutions per minute. The chain 
drive has some points of advantage over the 
geared drive. It is cheaper to instal, it is not 
affected by any slackness or wear of the main 
bearing, it requires less attention, and runs more 
quietly. The chain drive could be easily applied 
to throttling governors. A greasy belt on a 
throttling engine, a runaway engine and a dead 
engineer, is the tale of a recent accident. Most 
Corliss engine-builders advertise their so-called 
safety stop, but in spite of the stops the engines 
frequently fail to stop until after the wreck. 
The danger is not where a belt breaks and allows 
the safety device to work, but where the oily belt 
slips and does not keep the governor up to speed, 
allowing a longer range of cut-off than 1s necessary 
to care for the load, in which case the engine soon 
speeds up to the danger line. —A., H. Eldredge, 
Trans. Am. Soc. Mech. Eng., Vol. XXIV., June, 
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Ir recently became evident that blowing-engines 
worked with gas are partiq@larly suitable for blast- 
furnace work. The author, 


Soper therefore, investigated the 
pd ee ot matter fully and carefully, 


and finally made arrange- 
ments with the Société John Cockerill to build 
gas-driven blowing-engines under their patents, 
with double-acting gas-cylinders, for blowing and 
dynamo-work. He says that the gas-engine is 
more suitable than the steam-engine for blowing 
purposes, providing always there is a ready 
means of using the gas which will be saved by 
using the gas-engine. If an entirely new steel- 
works, with blast-furnaces, etc., is to be put down, 
undoubtedly the whole of the blowing power for 
the furnaces should be derived from gas; and it 
will be found that there is a considerable surplus 
which can be sent to the steel works, boilers, or 
used for gas-engines to generate electricity, but if 
a blast furnace plant is to be erected without steel 
or other works, and there are no other outlets for 
surplus power, there is probably not much differ- 
ence between using steam-driven or gas-driven 
blowing-engines. The question between steam- 
driven and gas-driven blowing-engines is more 
open for consideration where existing works 
requiring increased blowing-power have to be 
dealt with, and then it would turn largely upon a 
question of existing boilers, condensers, etc. If 
these are ample and in good condition, and there 
is no easily-found means of using surplus power, 
many people would prefer to put down steam 
blowing-engines ; but if a condenser and new 
boilers have to be put down, it would appear to be 
wiser, instead of using steam-blowing engines, to 
adopt gas-driven engines. To consider tbe whole 
question it may safely be assumed that the quantity 
of gas used by gas-driven engines would be about 
one-fourth that required to raise steam in good 
boilers for steam-driven blowing-engines. It may 
also be considered that broadly the cost of a steam- 
driven blowing-engine of modern construction, 
together with the necessary boilers, condensing 
plant, etc., will be somewhat more than that of 
gas-driven blowing-engines with the necessary gas- 
cleaning plant, for a given amount of work to be 
done.—T. Westgarth, Proc. Jnst. C.E., Vol. 
CLIV., Eng. Conf., Sec. IV., June, 1903. 


THRsE articles are an effort to contribute 
towards presenting the relation of heat to mechanics 
in a form which is more com- 

‘ee Se plete than that developed by 
Plants. the scientific men of fifty years 
ago. The thermodynamics of 

the pure scientist have certainly done much towards 
helping us to understand the influence of tempera- 
ture; but as temperature is only one influence 
that forces itself into the design of heat machinery, 
the result is that the development of power plant 
has been guided only in a secondary degree by the 
maxims of the thermodynamic treatises. Present 
theory seems to be deficient in three main direc- 
tions. First, it loses sight of the fact that heat is 
of use solely as a means of creating rest/ience— 
that it is resilience that does all the work, and that 
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stress, along with wastraining, are the two only 
factors of direct consequence in the engineering of 
mechanical power. Secondly, it contains no 
reference to the (¢ime-element. Thirdly, the 
‘* thermodynamic efficiency” is only one of many 
equally important factors, and the complete solution 
of the problem of maximum energy is found in the 
proper combination of several partial solutions. 
In the present article the writer devotes attention 
to a consideration of resilience, classifying the 
kinds of resilient mechanical energy as—(a@) ex- 
pansive, or thermal; (4) tentative, or molecular 
cohesive ; (¢) torsional, or dependent on molecular 
rigidity; (@) gravitational; (e) magnetic; and 
possibly (/) electrostatic. He shows that the 
resilient transmission of energy may be positive or 
negative, the direction of transmission being re- 
lated to that of motion in the three cases of com- 
pression, tension, and torsion. —Prof. R. H. 
Smith, Zhe Engineer, Vol. XCV/., No. 2480, 
July 10, 1903, PP- 34s 35: 

60 

IN this issue is presented what is 

probably the best and most complete 

description that 
Steam Engines has ever been 40 


sents in see. published of 
“steam —_ engines 


manufactured in the United States 
It contains the following articles :— 
Corliss Engines, by George G. 
Phillips; Low and Medium-Speed 
Engines, by J. W. Thompson; 
High - Speed Engines, by Charles 
T Porter; and The Selection of 
Engines, by Prof. R. H. Thurston 
All matter has been revised with 
the co-operation of the manufac- 
turers, and the issue is one that will 
furnish to the working engineer all 
necessary information with regard 
to the construction and care of any 
engine he is likely-to meet.. Zhe 
Engineer ( U.S.A.), Vol XL., No. 
12, pp. 420-503. 


Watts per LHP. HoureLbs, 
Ss Ss 
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TRACTION. 


WirTH the object of determ‘ning the relation ot 
piston and Richardson slide valves in respect of 
water consumption, an elaborate 

Piston v. series of tests has been carried 
Slide Valves. out upon the Lake Shore and 
Michigan. Southern Railway. 

Eighteen tests were made with the piston valve, 
and twenty with the slide valve. The twoengines 
used were of the 4-6-0 type, identical in every 
respect as to the valve motion, No. 600 being 
equipped with the Allen-Richardson balanced 
slide valve, while No. 611 had the direct-motion 
inside-admission piston-valve, the principal dimen- 
sions being 20-in. by 28-in. cylinders; 6-ft. 8-in. 
driving-wheels; weight on coupled wheels, 59 tons 
7 cwts. 2qrs.; total weight, 76% tons; heating 
surface, 2°862 sq. ft.; grate area, 33°5 sq. ft. 
The distance over which the tests were made was 
143 mls. To determine the i.h.p., indicator 
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cards wére taken every minute throughout the 
runs. The speed was taken by a revolution 
counter, which was checked by mile-posts, 
and found correct. Water measurements were 
taken by gauges placed in the corners of the tank, 
the readings being corrected to give the depth of 
the centre of gravity of the surface of the water. 
By subsequently calibrating the tank for each 
inch of height on track scales, this method of 
measurement was checked. Coal was weighed on 
the tender by track scales. The tests were equally 
divided on each side of the engine. No allowance 
was made for the steam consumed by the air 
pumps, the loss at pop valves or water lost at the 
injector overflows. For several runs the cylinder 
tractive power was plotted, and the total foot- 
pounds of work were found from the diagram, but 
it was found to vary so little from the average in- 
dicated horse-power that the latter was used in 
subsequent tests. The dotted curve on the diagram 





700 800 900 1000 
Indicated Horse Power 


PISTON @. SLIDE VALVES. 


DOTTED CURVE REPRESENTS THE PISTON-VALVE ENGINE. 


is that ot engine No. 611, with piston valves. 
These curves are interesting because they show 
remarkably uniform results from road tests, and 
there is little doubt as to the accuracy of the 
curves drawn to represent the average results. 
The piston -vaive engine is slightly more 
economical than the one with slide valves, but 
by amounts varying only from 1 to 14 lbs. of 
water per h.p per hour, say 3 to 44 per cent. 
This is probably due to decreased compression in 
the piston-valve engine, which is shown in the 
indicator diagrams. These also demonstrate that 
the steam line is better maintained on the slide- 
valve engine, the exhaust line being, however, 
better on the piston-valve engine. The tests are 
interesting also from the large amount of power 
developed, each engine having averaged over 
1,coo h.p. for the entire distance of 143 miles. 
The evaporative efficiency is low and the reason 
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The coal burned 
per foot of grate is high, and it is evident that the 
work developed is all that could be expected from 
the engines. 


for this is not yet determined. 


PISTON V. SLIDE VALVES. 
AVERAGE RESULTs. 
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electric railway car weighing: about 28 tons, 
making runs averaging half-a-mile in length. The 
curve w x y z indicates the speed of the car on the 
level. The first part of the curve w x forms the 
line of acceleration, and represents 
the gradually-increasing speed of 
the car during the period of 55 
seconds when energy is being sup- 











| Piston. Slide. plied to the motor, as shown in the 

sa se “y full line curve. The necessary data 
for constructing these curves is 

Engine number Ne , - 611 | 600 obtained from the speed and tractive 
Duration of steam in minutes Rap 161 155 effort curves of the motor. For the 
Tonnage behind tender Ne - 317 327 next 35 seconds the car is allowed 
Ton miles a 45,400 46,700 to coast, when the speed ‘falls as 
- erage speed, deducting stops ay 50°0 49‘2 shown by the line x y. The opera- 
Ton (miles per hour) .. . .. | 15,400 16,100 tion of braking occupies the follow- 
Average indicated h e. oe re 838 795 ing 18 seconds, during which the 
H.p. hours... ata Samad 2,160 1,990 car is gradually brought to a rest 
Total coal ; | 13,430 13,600 at an average rate of retardation of 
Total water... ons ... | 68,400 69,430 one mile per hour per second. The 
Water per pound coal i ae 5°33 5*10 area of speed curve w x y & re- 
Water per h.p. hour ... m | 31°7 34°9 presents distance covered, being 
Water per ton mile 1°51 1°49 the product of velocity and’ time. 
Water per ton miles per hour | | 4°16 4°30 The area of energy curve made up 
Coal per h.p. hour . 6°23 6°83 of sections 4, B, C, D and & re- 
Coal per ton mile oe vey "296 ‘291 presents electrical energy in units, 
Coal per ton miles per hour ... 872 "845 vertical di-tances being proportional 
Water per sq. ft. heating surface hour | 9°28 9°27 to the rate of input in k.w., and 
Coal per sq. ft. grate area per hour... | 143° 162°5 horizontal distances to time in 
Average tractive pull from cards 5,680 5,480 seconds. The bulk of the waste 
Average cut-off in inches... est I 8°52 7°49 energy is accounted for by the 
Average opening of throttle ... ey ‘157 "123 process of starting and stopping, 


and the more frequent the stops the 





Amer. Eng. and Railroad Journ., July, 1903, 
p. 260—C. S. LZ. 


THE accompanying diagrams show the distribu- 
tion of losses on an electric car, and a study of 
these may suggest ways of 

Energy Losses effecting increased running effi- 
Sas ciency. The curves (Fig. 1) 
have been calculated to repre- 

sent the speed and energy consumption of an 


. 
. 
wo 


bead 


or 


3° e~ - - ph Fahy 





° 1 
#982 oe 2 2% 4 SO 6 70 86 9 00 WO 120 
— stconos —— 


FIG. I. 


ENERGY LOSSES ON 


ELECTRIC CARS. 


lower the running efficiency of the 
car. If the number of stops is fixed the lost energy 
D remains fairly constant and cannot be greatly 
lessened. It is possible, however, to decrease the 
loss Z Z by increasing the period of coasting, in 
this way making a greater part of the kinetic energy 
available for moving the car. Such an alteration 
will affect the average speed of the car, as shown 
in Fig 2. By comparing Figs. 1 and 2 it will be 
seen that, owing to the large amount of coasting 
allowed in Fig. 2, section C practically vanishes, 
and section # absorbs a large part of section 
£, as appears in Fig. 1. It is thus apparent 
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that the ratio of unshaded to shaded sections in 
Fig. 2 is greater than in Fig. 1, and consequently 
the efficiency is also greater. The curves show 
that the maximum car efficiency, considered 
mechanically and electrically, is obtained when 
the number of stops are as few as possible, and 
when as much coasting as the schedule will permit 
precedes these stops.—W. Park, 77am. & Riy. 
Wid., June 11th, 1903, pp. 543-544- 


IN a comparatively recent invention electro- 
magnetism has been tried as a substitute for sand 
to increase tractive power. 
A simple magnet is used 
connected with what is 
termed an idler wheel. The operation of the 
system is as follows :—When applied to an ordi- 
nary trolley car on each side of the motor, be- 
tween the motor casing and the wheel, is a bearing 
which supports an arm, upon which the magnetis- 
ing coil of wire is wound. The other end of the 
arm carries a small wheel without any flange, 
which rolls along the rail when the device is in 
operation, and is held above the rails by springs 
when the coil is not energised. The object of this 
arrangement of an idler wheel upon the rail is to 
give a short magnetic circuit. The lines cf force 
in this case flow from the arm to the car journal 
and wheel, from the wheel to the rail, from the 
Jatter to the idler wheel, and thence to the coil- 
wound arm. Experiments have been conducted 
with this method of increasing traction on both 
street and steam railroads. A double-truck car 
was equipped with two 50-h.p. motors for driving 
purposes, also for supplying what might be called 
the traction current. The idler wheels were held 
at a distance of five-eighths of an inch above the 
rail when the magnet was not energised. The 
current was controlled by a switch. It was found 
that, with an expenditure of 24 h.p., the mag- 
netism developed increased the tractive effort over 
300 per cent. In one instance the wheels and 
rails were greased, and the car started. When the 
wheels began to slip the draw-bar pull was found 
to be 1,500 Ibs. ; when the magnets were ener- 
gised this was increased to 5,250 lbs. In another 
test the model of a trolley car, by use of the device, 
was moved up a track construcied at an incline of 
45 degs. When the current was turned off the 
magnet, however, the ascent wes found to be im- 
possible.— Elec. World & Enginr. (N.Y. ), Vol. 
XLI., No. 26, 19037, p. 1102.—C. S. Ll. 


Magnetic Increase 
of Traction. 


THE author is strongly of opinion that, should 
the cost of working motor vehicles even approxi- 
mate to that of horse-drawn 

Motor Vans ones, every local authority 
for Municipal responsible for cleansing the 
purposes. - 
streets should encourage their 

use, both on sanitary and economical grounds. 
Some account should also be taken of the very 
heavy wear and tear to the road surface caused by 
horses’ feet, which would to a great extent be 
obviated if mechanically propelled vehicles were 
in use. What has been termed the ‘‘three- 
hundredweight hammers of iron-shod horses’ feet,” 
probably wear out every road twice as quickly as 
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the iron-shod wheels of the vehicle which they 
draw. There is no doubt that the motorvan 
industry is sorely crippled by the 3-ton limit. A 
somewhat heavier vehicle would not do any more 
damage to the road than one within the 3-ton 
limit. ‘The author has had at work a steam motor- 
van which has a frame built to take either a tipping 
body, or a water tank. This machine has proved 
very useful and economical. The use of such a 
vehicle is greatly to be recommended, and the 
author finds that by a simple arrangement he can 
fasten a horse broom to it, and thus water and 
sweep at the same time. Motor vehicles have 
many advantages, but when used for street-cleans- 
ing or dust removal the wages of the skilled 
mechanics who drive them adds greatly to the 
cost. If the motor-driver were able to walk along- 
side his vehicle like a horse carman does, or if an 
unskilled man could drive a dust-motor and leave 
it unattended while he collected the dust, motor 
cartage would be cheaper than horse cartage. But 
at present this cannot be done. Thus it is found 
that a motor which has to crawl along from door 
to door for dusting, or from heap to heap for 
slopping, is being used in the most unprofitable 
manner possible.—T. W. E. Higgens, 7xé. 
Health Eng., Vol. XTI., No. 320, pp. 677-678. 


In the matter of climbing a grade a locomotive 
is doing work which may conveniently be resolved 
into. two components. There 
ao is the resistance of the train 

due to rolling friction along the 
level, and there is the work of lifting the train 
through a given vertical distance. The value of 
resistance due to rolling friction along a level road 
is given by Forney as 6°6 lbs. resistance per ton 
(2,000 lbs. American) weight of train, at a speed 
of 10 miles per hour. This value remains con- 
stant for that speed whether the train be moving 
along straight-level track or going-up grade. 
This resistance, however, increases with increased 
speed. The pull of a locomotive on a grade is 
exerted through the horizontal distance of one 
mile. If one ton is lifted 211 ft. while being 
pulled a mile, the rule which applies in finding 
the resistance per ton for the grade is multiply the 
weight of the train in pounds by the ascent in any 
given distance in feet. Applying this to the case 

before us, we have— 
2,000 x 2II 

5,280 


That is 79°9 lbs. resistance for every ton weight of 
train due to the grade. To this must be added 
the 6°6 lbs. per ton due to rolling friction at a 
speed of ten miles an hour. The total resistance 
per ton that must be overcome to get a train up a 
4 per cent. grade at ten miles per hour is 86°5 lbs. 
In this calculation no account has been taken of 
curves or of wind resistance, or of slewed trucks 
with cutting-wheel flanges due to poor centre 
plates and side bearings. A steady pull on a 
straight track in good condition, and in perfectly 
calm weather are the only circumstances taken 
into account — Raily. and Loco. Enging. 
( Editorial), 1903, July, p. 312.—C. S. L. 


= 79°9 lbs. 





THe author thinks the main drawback with 
existing types of superheaters for locomotives to 
be the fact that the steam is 
superheated on its passage 
through pipes; two laws, in 
fact, will counterbalance the effect of superheating, 
viz., first, the decrease in the speed of the steam 
from the middle of the pipes to the walls, z.e., the 
heating surfaces, and, second, the low thermic 
conductivity of superheated steam, it thus being 
difficult to supply the core of the stream with heat. 
As, on the other hand, the effect of superheat is 
due to a diminution of the condensation in the 
cylinders, the whole of the steam should be super- 
heated just so much as to prevent condensation, 
instead of using high temperatures in connection 
with partial superheat. The superheater designed 
by the author allows of the steam being mixed in 
a most intimate way ; it is made up of one or two 
cylindrical vessels traversed by straight and ex- 
tremely thin-walled heating pipes, arranged at the 
same mutual distance as the heating pipes of the 
longitudinal boiler. The superheater may, there- 
fore, be placed in the midst of the smoke-box, 7.¢., 
in the mainstream of the hot gases, without inter- 
fering with the cleaning of the boiler-pipes. As 
the gases in the case of the exhauster being out of 
work will mainly rise before reaching the super- 
heater, an excessive heating of the pipes, while 
the locomotive is stopped, is made impossible. In 
order to obviate the different wear and tear of the 
walls of the pipes, the superheating drums may be 
built in in six different positions. A further advan- 
tage is afforded by the comparatively small resis- 
tance of the pipes situated in the corners, their 
heating surface thus being better utilised.—L, V. 
Low, Dingler’s Polytechnisches Journal, Vol. 
318, No. 28, 1903, pp. 440-441.—A. G. 


Superheaters 
for Locomotives. 


MECHANICAL. 

Mvcu thought has been expended in the effort 
to produce a perfect leading screw, but most 
makers are content if the screws 
cut by them are approximately 
correct in terms of absolute 
length, and do not trouble much 
about variation in pitch. In 
ordinary circumstances it is satisfactory if the screw 
cut in the lathe approaches the leading screw in 
accuracy ; but there are circumstances in which 
the screw turned out may be more accurate than 


The Testing 
and Accurate 
Cutting of 
Screws. 





FIG. I.—TESTING SCREWS 








Feilden’s Magazine. 


Load on Test Piece 3 


: 


Elastic 


Limit 


005 010 
Extension in? ins. 


FIG, 2.—NEW FORM OF EXTENSOMETER (SEE PAGE 259). 


the leading screw itself. If the lathe has two 
carriages, it is possible to make the various 
inaccuracies of pitch counteract one another by 
making use of the nuts of both carriages while 
cutting with one tool only. In the first piace, the 
leading screw must be tested and a diagram laid 
down to a convenient scale showing the various 
inaccuracies of pitch as in Fig. 1. From a study 
of this figure it will be found that if the carriages 
are set at a distance apart so that the pitch of the 
nuts will be equal to A B, then throughout the 
curve the rise will tend to counteract the fall. The 
carriages are therefore set at a distance apart, and 
then bound together by stiff bars, the nut of one 
carriage is dropped full in gear with the screw, 
while the other nut is allowed just a little play, 
so that where the disparity of pitch is excessive 
the wheels in the fast head may 
not be unduly stressed. When the 
screw operated upon has been 
roughed out, it is tested and a 
diagram made as for the leading 
screw. The second diagram is 
placed directly over the first, and 
a study of both will show how 
far the result aimed at has been 
obtained. If reasonable care has 
been taken it will be found that 
when the screw is finished the 
variations in pitch are very slight 


indeed. —A. J. Orr, Mech. 
a it Wid, Vol. XXXTII., No. 859, 
Pp. 295. 
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IN the second part of a paper dealing with. the 
construction of large steel steamers the author says 
that the strength of a butt is 
equal to the strength~of the 
plate through the endmost row 
of rivets, the spacing of which is determined by 


The Riveting of 
lapped Butts. 
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the thickness of the plate. The thicker the plate, 
the greater can be the distance between the rivets 
for sound caulking, and it perhaps is a matter of 
opinion what this spacing should be. Table I. has 
been compiled showing the percentage of strength 
at various places in the butt, for each thickness of 
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Thick- ed Plate 
a = 
ger 5 Bearing 
ths Solid and 
a Le Inches. pon f Shear- 
Edge 
| iow 
Rivets. 
5 | #£ | 100 -- 
6 3 100 — 
7 ? 100 = 
8 a 100 — 
9 g 100 3 
10 Z 100 89 
11 é 100 93 
12 3 100 80 
13 I 100 87 
14 I 100 81 
15 I 100 75 
16 1} 100. 76 
7: | 3 100 71 
18 14 100 76 
19 | 1% 100 93 
20 | 1% 100 71 
| Extra 
| Rivets 
Thick- } for Butt 
ness of Breadth | under 
Plating of Lap | ‘Com- 
in 2o0ths in pression 
of one Inches. per Space 
Inch. in End- 
most 
Row 
Rivets. 
5 4t 2 62°2 3 
6 5 2 62°4 4 
7 5 2 62°5 I 
8 74 3 65°38 I 
9 9 3 65°6 1 
10 i 9 3 66°8 I°ls 
II i II 4 68°0 1°25 
12 Z II 4 68°8 1°3 
13 I 124 4 67°5 1°17 
14 I 124 4 68°3 1°3 
15 I 12} 4 69°2 1°5 
16 14 144 4 68°0 1°3 
17 1% 144 4 68 7 1°3 
18 1% 72| 5 69°3 | 13 
19 1} 172 5 os | 8s 
20 14 173 5 | 7o"2 | 15 
































plate from +5 to $$ of an inch. 
Table II. shows the corresponding 
arrangement of rivets in each butt. 
The lap-butts shown on the tables 
have been calculated under tensile 
stress, but these butts, especially at 
midships, are continuously subjected 
to compression as well as ‘tension. 
If it is desired to make the lap-butt 
when under compression equal in 
strength to the solid plate, more 
rivets are required ; the number per 
space of rivets on the endmost rows 
for each thickness is given in Table 
Il.— A. Hogg, 7Zrans. N.E. 
Coast, Inst. Eng. & Shipbuilders, 
Vol. XIX.; Pt. 7, pp. 185—200. 


AMONG the principal forms of 
rim joints are those illustrated in 


Stina Fig. 1, and the 


followin int: 
ints. g_ points 
oe should be observed : 


In flanges or bolted joints (a) the 
bolts should be as near the rim as 
possible, and should be carefully 
fitted at each end and cleared in 
the centre, so that the stress on 
them may be tensile rather than 
shearing. They should all be 
initially stressed by screwing up, if 
possible, to the same amount. In 
the dowel-plate and cotter joint (4) 
accurate machining and fitting are 
most important. The strength of 
the cast-iron cotters, and portion of 
the dowel-plate in shear should 
be equal to the strength of the 
portion of the dowel-plate in ten- 
sion. The accuracy with which 
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TABLE SHOWING RESULTS OF TESTS OF BURSTING 
SPEED OF EMERY WHEELS. 





———Speeds——~, 














| _-Working~- Bursting, 
No. | Revs. | Feet Revs. Feet Factor 
of per per per | per /|Speed o 
emery. | min. min. min. | min. | ratio. | safety. 














No. 
of Grade 
test. mark. 
I 45 
2 45 
3 | 45 
4} Q 
5§| Q 
6 H 
7 H 
LINKS AND LUGS 8! 0 
9 O 
FLYWHEEL JOINTS. 10 2.5 
1 | 2.5 
12 | M.H. 
the initial stress in this form of 13 | M.H. 
joint can be adjusted is an import- Vy H 
ant feature in its favour. In the 5 | H 


20 | 1,200 | §,030 | 3.100 | 13,000 | 2.58 6.67 
20 | 1,200 | 5,030 | 3,200 | 13,400 | 2:67 7.14 
20 | 1,200 | 5,030 | 3,350 | 14,020| 2.79 7-73 
30 | 1,250 | 5,230 | 3,750 | 15,700 | 3.00 9.00 
3° | 1,250 | 5,230 | 2,750 | 11,500 | 2.20 4.84 
30 | 1,400 | 5,870 | 4,550 | 19,050 | 3.25 , 10.56* 
30 | 1,400 | 5.870 | 4,600 | 19,200 | 3.28 | 10.76* 
36 | 1,250 | 5,230 | 4,100 | 17,200 | 3.28 | 10.76 
36 | 1,250 | 5,230 | 4,125 | 17,250 | 3.30 10.89 
60 | 1,150! 4,830 | 2,750 | 11,500 / 2.39; 5-71 
60 | 1,150! 4,830 | 2,900 | 12,100/ 2.52, 6.35 
14 | 1,200 | 5,030 | 3,100 | 12,970 | 2.58 6.66 
24 | 1,200 | 5,030 | 3,800 15,900 | 3-17 | 10.00 
10-12 | 1,200 | 5,030 | 4,100 | 17,200 | 3.42 11.70t 
10-12 | 1,200 | 5,030 | 4,350 | 18,200 | 3.62 13.10t 











arrow-headed bolt joint (c), which 
is a shrunk joint, the points to be 
attended to are accurate machin- 
ing between the luts on the bolts 
and rim and provision for clearance at the centre, 
for the same reason as noted in a. In the link- 
and-lug joint (@), which is also a shrunk joint, 
the lug should project, as shown in the figure. 
The increase of weight which such a form necessi- 
tates is a good reason for removing the position of 
the joint nearer one arm. Where practicable, 
cast-iron fly-wheels should have one-piece rims ; 
but when jointed the best form is the link-and- 
lug type, where such can be adopted without 
inconvenience, and the next best is the dowel- 
plate and cotter. Flanged and bolted joints 
should be avoided, and the best place for a joint 
is near one arm.—W. Burlingham, Machy., 
June, 1903, pp- 521, 522. 


THE object of the experiments described by 

the author was to determine the bursting speed of 

emery wheels such as are 

Zhe eg actually on the market. 

heels. Wheels are obtained through 

various outside parties without 

indicating to the manufacturers the use to be 

made of them: The following table shows the 
results of the experiments in detail. 

An examination of the last two columns in the 
table shows that the wheels burst at speeds vary- 
ing from two and one-quarter to three and three- 
quarters the working speed, and accordingly had 
factors of safety varying from 5 to 13. At the 
same time, considering the violent nature of the 
service and the shocks to which they are exposed, 
a factor of 8 or 10 would seem small enough. It 
is a fact worthy of notice that in nearly every 
instance the cracks radiated from points where the 
lead bushing projected into the body of the wheel. 
—Prof. C. H. Benjamin, Z7g. News, Vol. 
XL1X., No. 26, pp. 571-572. 





*Wire netting. Vulcanized rubber. 


APPLIED ELECTRICITY. 


WHERE electric energy is simply used for light- 
ing, the generating set ought to be quite separate 
from the engine employed for 

Fectricity for driving machinery, and the in- 
. stallation of a battery permits 

the storage of electricity during the day when steam 
can conveniently be spared. In cases where energy 
is applied both for light and for power, the battery 
can be slowly charged throughout the day, and 
used (either alone or in conjunction with the 
generator) for carrying the evening load. As the 
voltage required for charging a battery is about 
one-third more than the normal voltage, it is 
evident that some means of adjustment must be 
provided if charging is to be conducted while the 
generator is being used for other purposes. The 
most satisfactory method is to add a machine of 
the type known as a ‘‘ booster,” which is capable 
of raising the voltage of current from the ordinary 
circuit to the voltage necessary for charging. As 
in special cases wheré highly fluctuating loads 
occur, owing to the sudden starting of machines 
absorbing considerable amounts of power for a few 
moments, a booster can be applied in connection 
with a small regulating battery, and so connected 
that the average current of the variable load may 
be supplied as a constant load, the battery being 
charged while there is little or no demand for 
power, and discharged heavily when the momentary 
strain comes on; thus adding to the normal supply 
from the booster sufficient current to meet the 
augmented demand. Such an arrangement pre- 
vents injurious shocks in the generating set, and 
various unsatisfactory disturbances of the service 
— For the purpose of affording a basis 
or calculation a small plant station, recently 
equipped under the direction of the author, is 
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taken as an example. The capacity of the plant 
is 10 kilowatts, and the cost was 575/., the annual 
output for light alone being about 8,000 B.T.U. 
If made available for power as well as for light 
the capital expenditure would be raised to 675/., 
and the output would be 23,000 B.T.U. 


TABLE I1.—COST OF ELECTRICAL ENERGY 
“IN HOSPITAL INSTALLATION IN PENCE 
PER B.T.U. 








ITEMs. Light only. goog 
Fuel nas sah ate "80d. “80d. 
Water and Engine Room 

Stores ... oad aes ‘o7d. ‘o7d. 
Attendance (extra) is “55d. ‘20d. 
Maintenance ... eee *75d. *37d. 
Works Cost 2°17d. 1°44d. 
Repayment and Interest 1 ‘20d. *50d. 
ToTaAL Cost 3°37. 194d. 








TABLE II.—COST OF ELECTRICAL ENERGY I 





N HOSPITAL 


INSTALLATION IN PENCE PER B.T.U. 


. 
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The cost of energy under both conditions is given 
in Table I., the average price charged by public 
supply corporations in Great Britain being stated 


at 4°47d. per unit. In places where steam is not 
required for other purposes, the internal combus- 
tion motor provides power more cheaply than the 
steam-engine, and one advantage it possesses is 
that of adaptability to intermittent work. When 
the engine is stopped the consumption of fuel 
ceases, whereas in the case of the steam-engine 
there is continuous waste of fuel during the 
intervals of work. Taking the consumption of 
gas at 30 c.ft. per k.w., the author finds the total 
cost per unit in the case selected to be 3°47d. for 
light alone, or 204d per unit for light and power. 
The oil engine offers another alternative to steam 
for the generation of electrical energy and in many 
parts of the country it will be found more con- 
venient and more economical than the gas-engine. 
Allowing 1°2 lb. of oil per k.w., the total cost of 
energy from an oil-driven plant is 3°17¢. for light, 
or 1°74a. for light and power. The results are 
summarised for comparison in Table II., and in 
Table III. the relative costs of gas and oil for direct 
lighting are compared with the cost of electricity. 

The following conclusions are drawn by the 
author :—(1) That electrical energy can be 
generated in a hospital of moderate 
size at a cost considerably lower 
than the average rate charged by 
public supply corporations. (2) That 
economical production is greatly 





Cost oF Propuction. 


aided by utilisation of the generating 
plant for power as well as for light. 





Light and Power 


(3) [hat under favourable conditions 
energy can be generated at such cost 
that electric lighting becomes less 

















Motive Powrr. Light only. 
‘Seal Soa 
Cost. | Cost. 
Steam Engine ; coal at 15s. perton | 2°17 | 337 
Gas Engine; gas at 2s 6d. per 
m. c. ft. dos 
Consumption, 30 c. 
i perk.w. ...| 2°37 3°47 
Consumption, 37°5 | | 
c. ft. per k.w. ... | 2°49 | 3°69 | 
Oil Engine ; oil at 4d. per gall... | 1°97 | ig 





Works | Total costly than direct gas lighting when 
Cost. | Cost. ordinary burners are employed, 
although more costly than gas light- 
1°44 | 1°94 ing by incandescent burners, and 
more costly than direct lighting by 
oil lamps. -W.Noble Twelve=- 
trees, /n/. San. [nst., Vol. XXTIV., 

| 1°54 | 2°04 Bradford Congress, Sec. I1., 1903. 
1°76 | 2°26 IN this article the writer gives a 
| 1°24 | 1°74 short account of a new type of 
Polyphase Generator 





TABLE III.—COST OF GAS AND OIL FOR DIRECT LIGHT- 
ING IN PENCE FOR A QUANTITY PRODUCING THE 
SAME C.P. AS ONE B.T.U. OF ELECTRICITY. 


Induction designed by Mr. 
Machines = Alexander Heyland, 
and a New together with some 
Type of A 

Polyphase ‘remarks relative to 
Generator. its development. Al- 


though synchronous, 




















| the operation of their field systems 
Average! po. | -—~~—“o is of the nature of that of asynchron- 
ay of | ‘Wine | Argand = ous machines. These generators are 

Various © | Burner. iti ienti 
Burners| Burner. a self-exciting, and are scientifically 
New. | 500 hrs. and properly compounded, not only 
poy regard to the magnitude of 
G 6d. ; : r : : the current, but-with regard to its 
as at - re) per m. c. ft. ed pling po ‘$6 I 5 phase-difference, a result never before 
” 2 6d, ” ph... 3 4 : ba , attained with synchronous machines. 
ona = os gall ” oa 3°95 Ba 7 1°05 The problem solved by Mr. Heyland 
: oa | ci = is the production of ‘the magnetic 
flux of the motor by means of very 
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low-frequency magnetising currents, and the prin- 
ciple involved is as simple as it is ingenious and 
effective. What Mr. Heyland does is to pro- 
duce the magnetic flux of the motor by means of 
magnetising currents in the rotor. These currents 
are led into the short-circuited rotor winding from 
the outside by means of a special commutator, the 
function of which is to convert the high-frequency 
current into current of very low frequency, accord- 
ing to the slip of the rotor. This low-frequency 
current, circulating in the short-circuited rotor 
bars, furnishes the ampére-turns required for the 
production of the magnetic flux of the motor, and 
the current thus tapped off from the line is led 
into the short-circuited rotor in such a way that 
it has in the rotor exactly the same direction and 
phase as the magnetising current in the stator 
which it replaces. Fig. 1 shows one way of doing 
this for the case of a slip-ring motor. Until the 
advent of the Heyland compensated induction 
motor, the asynchronous, polyphase generator had 
met with no application in practice, notwithstand- 
ing its inherent valuable properties. The induc- 
tion generator, with the addition of the Heyland 
compensating arrangement, becomes at once a 
commercial possibility, for in the first place, it is 
self-exciting, and in the second place, it can be 
loaded inductively. All that is required is a quite 
small synchronous machine on the same circuit to 
fix the frequency—a requirement in no way 
objectionable in, for instance, a power station. 
But the most interesting feature of the compen- 
sated induction generator is that it can be readily 
compounded or over-compounded for inductive 
loads. By oven Nye main current, or a propor- 
tion of it, throu the short-circuited rotor, in 
addition to the comguunthie current, the machine 
can be arranged to give a constant pressure at its 
terminals independently of the amount of the 
phase difference of the load, or it can be made to 
compound up as desired. Fig. 2 shows one way 
of doing this, the same brushes being used for 
the compounding current as for the compen- 
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sating current. “ The former is. provided-by a 
small current transformer, as shown, and the 
latter by a pressure transformer. The resis- 
tance shown in the exciting circuit is for adjust- 
ing: purposes only, taking the place of the shunt 
resistance’ of a continuous-current. generator ; 
the compounding is adjusted also in an analogous 
method, with the help of a diverting resistance 
in parallel with the brushes, or by altering the 
number of turns on the current transformer, or by 
both means. By making use of three separate 
brushes for the compounding current the size of 
both transformers can be reduced, and the resis- 
tance in the compensating circuit becomes unne- 
cessary.—A. C. Eborall, Ziéectrician, July 3, 
1903; PP. 442-444.and 486 

SOME time ago it occurred to the writer that 


this problem of how to reduce the cost of construc- 
tion of dynamos_ without 





Economy in sacrificing efficiency, could be 
ony to some extent solved by the 
Design. methods of analysis, and he 


found that such was the-case. 
Both in the case of the armature and the field- 
magnets, the current density in the conductors and 
the necessary surface for radiation are taken as 
the basis for investigation. The field-magnets are 
first considered, and having found the values of 
nl (number of turns on field magnets x length of 
perimeter “4 magnet core) for two cases, where 
mild cast-steel and wrought-iron were used for the 
cores, the writer shows that the values of #/ were 
respectively 18,400 + v and 15,000 + v; where 
v = leakage coefficient. The values of #/ in the 
two cases were thus in the ratio, 1: 0°92. Hence 
there is a slight economy of copper when steel is 
used, and the steel is cheaperand easier to work than 
wrought-iron. Turning next to the armature, the 
writer arrives at the best value for the diameter. 
The method of determining g (the length of gap 
space) depends upon the way in which the arma- 
ture is wound. If the conductors are embedded, 


























‘INDUCTION MACHINES. 


FIG. 1.--ARRANGEMENT OF ROTOR OF COMPENSATED 
THREE-PHASE SLIP-RING MOTOR, 





FIG. 2.—COMPENSATING AND COMPOUNDING ARRANGE- 
MENTS FOR A SELF-EXCITING AND COMPOUNDED 
ASYNCHRONOUS GENERATOR. 
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or. are wedged between teeth, the iron between 
not being in the least saturated, g is. merely the 
clearance necessary for mechanical safety between 
the external surfaces of the armature and pole 
faces. But if it is thought desirable, in order to 
reduce. sparking, to make the iron between the 
conductors highly saturated, the radial depth of 
each conductor and permeability in the iron 
between the conductors must be considered. It 
will be found quite possible to keep the iron 
between the conductors quite unsaturated if the 
latter are of long copper strip. The question may 
be asked whether, in order to reduce sparking, it 
is best to increase the gap space or to use a com- 
pensating device such as that.of Prof. Ryan. 
This question is very easy to answer, for in order 
to reduce sparking by increasing the gap it is 
necessary to give it a length at least four times as 
great as it need have fur purposes of clearance. 
Hence the amount of copper used in the field 
winding (and also in the armature) will be doubled, 
and twice as much copper will be used in the 
whole design. But if Prof. Ryan’s device is used, 
— compensation can be effected by using as 
much copper in the polar coils as is used in the 
armature. Therefore, one-and-a-half times as 
much copper will be used in the whole design. 
It is clear from this that great economy is effected 
by using the polar compensating coils. It also 
seems probable that fewer coils than the number 
required to produce tomplete compensation might 
be sufficient to reduce sparking. Undoubtedly, 
then, it is a very bad plan to reduce sparking by 
saturating the teeth, and a still worse plan to do 
so by employing a surface winding.—L, P. 
Purton, Zéectrician, June 5th, 1903, pp. 292— 
294. 


IN exposed positions the conductors must be 
rigidly supported by a substance which will with- 
stand rough usage, and they 
should be protected from 
moisture. Lack of flexibility, 
interior roughness, difficulty 
in preventing damage to wires in drawing in, and 
deterioration of cables owing to internal moisture 
are some of the principal objections to gas barrel. 

Screwing is another source of danger, as the oil 
used is apt to get on to the cables and to play 
havoc with rubber coverings. The sharp edges 
ieft after screwing are also likely to puncture the 
insulation. To avoid moisture the wires should 
be lead covered, or enclased in some other water- 
tight covering. Welded steel tubing overcomes 
the difficulties due to roughness, but other dis- 
advantages arise and the author advocates the use 
of ‘‘armoured cables.” In ordinary positions, 
dampness and corrosive salts in plaster often 
cause much trouble. The author has found any 
form of split tubing without watertight joints very 
unsatisfactory. Welded steel tubing, with screwed 
unions, appears to give the best results, and the 
cables should be drawn in after the tubing has 
been fixed complete. Steel brazed-joint tubing 
has not been found satisfactory. _Non-waterproof 
wood casing should never be used, and bitumenised 
fibre tubing is apt to become pulpy in damp posi- 


Supporting and 
Conducting In-~ 
side Conductors. 
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tions, 


In unexposed positions wood -casing is 
regarded as equal to many materials used in 


intérior wiring. Split tubing has not much to 
recommend it, except that it can be fixed by less 
Righly-pel men than can fix wood casing. In 
the author’s opinion lead-covered cables are much 
better than wood casing or tubing. The average 
cost per point of inside wiring is given in the 
following table :— 


APPROXIMATE COST PER POINTSINGLELIGHT 
WIRING INSIDE BUILDINGS :— 














Method. Materials. | Labour. | Total. 
Iron gas-barrel ...| 13 0 | 12 6 | 25 6 
Screwed welded 
tubing .. | 13° 6 {7 10-..0. |. 23. .6 
Armoured cables ...| 9 0 So 1.0 
Insulators ... 6 5 e 2) te 3 
Painted wood casing 7 6 6. -o |-23. 6 
Ordinary woodcasing} 6 7 6, oO 1.82. 7 
Split steel tubing ...| 7 0 6.0 | 13 0 
Lead-covered wires 
(clipped direct) ...| 5 9 4 6 | 10 3 
Insulators(cleattype)| 5 3 9 9 3 








O. L. Falconar, /7/./.£Z-Z., Vol. XXXII, 
Pt. 4, No. 162, June, 1903, pp. 835-852. 
WHEN current is supplied ‘‘ continuous,” and 
when one wire is earthed, and the voltage is above 
200, dust gathers in quantit 
The Prevention in the vichaity of all flexible 
of Electrically- 
Deposited Dust. Conductors, at one of the poles 
of the main switch and on the 
distribution boards. The lamps, too, have their 
period of efficient light shortened by the accumu- 
lation of sticky dust on the outside surface. Taking 
an ordinary city installation fed by three cables, 
of which the centre one is earthed, it will be 
observed that the slabs on which the positive and 
negative poles of the main switch are mounted are 
uniformly dusty, while the slabs on which the 
earth-connected brasswork is mounted remain 
clean. Ifa circuit be traced, the dust marks are 
not often objectionable until the flexible conductors 
are reached, but most private houses and offices 
have a considerable number of yards of ‘‘ flexible” 
in use. When it is led across a wall or ceiling 
in such an installation, the surface soon becomes 
strongly marked with a broad black line, which 
is unsightly and permanent. The silk braiding 
also gathers an amount of dust which, in ordinary 
circumstances, would be out of all proportion to 
its collecting area. It seems evident, then, that 
a number of the small particles of suspended 
matter are floating in the air approximately at 
earth potential. They are drawn towards the 
outer wire, be it positive or negative, and those 
particles which are firmly caught and held in the 
small hairs of the braiding, are in time projected 
against, as well as attracted by, the walls or 
whatever happens to be near. In ordinary circuit 
wiring, the comparatively thick dielectric on the 
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taped and case conductors minimises the collecting 
property, and the nuisance is kept within bounds. 
I do not see how it is possible to prevent the dust 
accumulating on high-voltage lamps, unless the 
bulbs are washed fairly often. Flexible wire is 
the most troublesome, but the trouble would 
va ish if the flexible were made concentric and 
connected with the earth-wire outside. The out- 
side conductor would, of course, have to be insu- 
lated to come within the rules of supply com- 
panies. —D. S. Munro, Z&c. Rev:, Vol. LiL, 
No. 1,332, pp- 984-985. 


THE employment of electrolysis for the deposi- 
tion of zinc upon iron has already been adopted 
' for some years in Europe 
and America, but this in- 
dustry has not developed to 
any great extent. Its slow development is attributed 
to the extreme care necessary for obtaining de- 
posits uniformly clean and adherent on objects of 
irregular form. Not only must the object be 
perfectly clean and free from greasy matter, but it 
is also necessary that the concentration, the tem- 
perature, and the purity of the zinc solution 
should be rigorously regulated. It is equally 
necessary to use electrodes of special form for 
many articles. Moreover, the density of the cur- 
rent and the electro-motive force require consider- 
able attention, from the point of view of uniformity. 
The fact that the electro-galvanising process is 
employed in industry, in spite of its inconvenient 
features, demonstrates sufficiently that it offers 
important advantages; and, moreover, Messrs. 
Krupp have installed a plant fur the process at 
Gaarden. A recent improvement, making it 
possible to increase the output, has been patented 
by Paweck (brev. Fr. No. 318,613), in which the 
inventor proposes the employment of boracic acid 
and of borates in the bath, mixed with ammonium 
sulphate or other alkaline salts. The objects to 
be galvanised are introduced in a_ perforated 
cylinder, which is mounted upon a horizontal 
shaft in such manner that they will be turned in 
the electrolyte, remaining in contact with the 
negative pole. Articles of comparatively large 
dimensions are suspended in the bath, the anodes 
being disposed on a vertical shaft In either case 
the object is to circulate and to mix the electrolyte. 
The only new features of the invention consist in 
the use of boracic acid, or borates, the employ- 
ment of perforated revolving cylinders and agita- 
tion of the electrolyte having been practised for 
many years.—Ad. Jouve, / Ziectricien, Tome 
XXVI., No. 653, 2nd Series, July 4, 1903, 
p- 12. 


Galvanising Iron 
by Electrolysis. 


THIs apparatus, invented by the author, as is 
known, is a phonograph, recording sound waves 
The by an electro-magnetic means 

on a steel wire spiral or stri 
Telegraphone. ound on a cylinder. The tele- 
phonic currents, produced by a microphone, are 
led to an electro-magnet, in front of the poles of 
which there moves the above spiral or strip, the 
relatively weak currents exciting magnetism in the 
different parts of the steel wire as the latter passes 
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by. As this magnetism is permanent, language 
may be fixed by this means. When the words 
recorded are to be reproduced, it suffices to run 
the above steel wire in the sume direction in front 
of a similar electro-magnet, to the windings of 
which a telephone is connected. As the different 
parts of the wire show differences of magnetism, 
there will, in the windings of the electro-magnet, 
be produced corresponding induction currents, 
which in turn will act on the telephone. The 
author gives an account of the improvements 
made in connection with his apparatus since the 
appearance of the first type, as well as of the 
hopes he attached to the telegraphone. The fact 
that a somewhat intense respiration will easily be 
recorded and reproduced by the apparatus is illus- 
trative of the sensitiveness of the latter. In the 
latest type of apparatus the cylinder is replaced 
by a round and thin steel disc, which may easily 
be put into an envelope and sent anywhere in 
order to be reproduced by another apparatus. As 
a comparatively large amount of writing may be 
recorded on the unit of surface of these plates, the 
apparatus may, if desired, go on talking for a long 
time. Many thousands of reproductions may be 
made, without their being weakened to any appre- 
ciable degree. Moreover, many copies may 
taken of the language recorded. These apparatus 
will be brought out very shortly. —-V. Poulsen 
(Paper read before the Copenhagen Industrial 
and Hygienic Congress), Zéektrotek. Tidsskr., 
16, No. 21, July 25, 1903, p. 136—A.G. 


Tue author has, on behalf of the Danish Govern- 
ment, made a series of experiments with wind- 
ee P motors used to drive electric 

nd-Fower for plants, the results affording a 
eeaemo Content satisfactory solution of the 

problem. The difficulty ex- 
perienced in imparting to the motors an approxi- 
mately continuous speed, independently of the 
strength of the wind, was solved by the use of an 
intermediate shaft placed,in connection with a 
balance ; the belt from the mill is led vertically on 
to the disc of the intermediate shaft, its pressure on 
the latter being regulated by the balance bearing 
convenient counter-weights ; from the intermediate 
shaft another belt leads on to the dynamo. This 
arrangement will result in the belt from the mill 
sliding on the disc as soon as the load exceeds a 
given maximum ; the number of revolutions of the 
dynamo will therefore remain constant within certain 
limits, while the mill may be run at any speed. 
By means of this arrangement—in connection 
with a maximum and minimum interrupter that 
automatically switches the machine in as soon as 
the tension has reached a convenient value, and 
cuts it out again when the wind becomes too 
weak—the author has obtained excellent results, 
the plant having worked satisfactorily even with 
the strongest storms. Storage batteries will, of 
course, always have to be resorted to in plants of this 
kind, one of which has been operated with excellent 
results, since October, 1902, at Askov, Denmark, 
feeding about 450 installed glow lamps, while 
another is being built in Vallekilde. Tetroleum 
motors are installed, to serve as a reserve in cases 
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of several days’ calm weather.—P, La Cour, 
Paper read before the Copenhagen Technical and 
Hygienical Congress; See Ziektrotek Tidsskr., 
Christiania,’ 16, No. 21, July 25th, 1903, pp. 136, 
137.-—A.G. 


INTERESTING results with regard to the friction 
in the bearings, as well as the air and brush fric- 
tion [see Abstract of Dr. Finzi’s 





Siete’ af the ticle, p. 279] may be derived 
Moment o from a study of the spontaneous 
Inertia ofthe retardation of a motor running 


Armature of a 


Seanane. with no-load, the driving couple 


being eliminated. In order, 
however, to make these calculations possible, the 
moment of inertia of the armature should be 
known. As the methods so far used in obtaining 
this important factor are both troublesome and 
uncertain, the author suggests a novel method 
based on an investigation of the spontaneous 
retardation of the armature, the exciting current 
being kept on. After having constructed a table 
giving the current i in the armature for different 
values of the angular velocity, the time T. required 
to pass from the speed 2 to speed zero is found 
to be 

a 


T=k dw 
a I i 


where a is a + constant and « the moment of 
inertia. The curve having the different values 


of w as abscissze and those of : as-ordonates is 
i 


drawn, and the area measured by means of a 
planimetre, when the above equation will give the 
value of x. A simpler expression is found for the 
frequent case of i being’a practically linear func- 
tion of w, when any graphical construction may be 
dispensed with—Ch. Fabry, £c/. £iec. 
> ae No. 22; pp. 321-324, May 30, 19037.— 


FROM a study both theoretical and experimental 
the conclusion is arrived at that every electro- 
chemical couple, being based 

Ca pe Thecey on a chemical reaction, will 
Batteries. possess a theoretical capacity 
limited by the equilibrium con- 

stant of the system, as the reaction tends towardsa 
well-defined state of chemical equilibrium instead 
of a total transformation. It, accordingly, is 
utopian to hope ever to obtain the total capacity as 
corresponding to Faraday’s law. A further limit 
is opposed by the velocity of reaction, reducing to 
a still higher degree the practical output of the 
battery. The author thinks systems of a high 
e.m.f. to be most likely to yield a satisfactory out- 
put, as the rate of reaction increases with the 
thermic character of the latter, and, thus, with the 
e.m.f. itself, according to a parabolic law; the 
lead accumulator, therefore, is considered as 
affording the best means of methodical researches 
in the field of storage batteries. The battery of 


the future, however, as maintained by the author, 
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will be a primary circulation battery, as, according 
to a formula derived, a state of equilibrium with 
constant electro-motive force will be produced by 
renewing the reacting products and taking away 
progressively those formed by the reaction. The 
author accordingly suggests designing ‘‘electro- 
chemical gas burners” which would transform 
the heat of combustion directly into electrical 
energy, in a complete way and with a practically 
total utilisation, avoiding the thermal motor with 
its low theoretical output, as well as the present 
electru-chemical reservoir, the utilisable capacity 
of which is so reduced by the above theoretical 
facts. —-G. Rosset, Ect. Elec. XXXV., No. 22, 


May 30, 1903, Pp- 324-344.—A. G. 


THE principle of my process rests on the great 
conductivity of vanadium trioxide, and on the 
facility with which vanadium 
trifluoride is obtained in acting 
upon the trioxide by fluorine in 
the presence of carbon. To 
show how these characteristic 
properties may be utilised, let us assume the 
electrolysis of ferrous fluoride in solution with 
calcium fluoride, making use of an anode formed 
of an intimate mixture of vanadium trioxide and 
carbon, the cathode being constituted of metallic 
iron. The ferrous fluoride being decomposed by 
the current, the fluorine- liberated at the contact 
of the anode attacks the vanadium trioxide, which 
yields up its oxygen to the carbon so as to form 
vanadium trifluoride according to the reaction :— 


6F + V,0, + 3C =2VF, + 3C0. 


Electrolytic 
Production 

of Vanadium 
and its Alloys. 


The vanadium fluoride formed is electrolysed in 
turn: 2VF, = (2V + 6). The vanadium set 
at liberty at the cathode combines with the 
metallic iron liberated at the anode; it forms a 
new quantity of vanadium fluoride, which is 
electrolysed in such manner that the ferrous 
fluoride assists the operation to furnish fluorine, 
which serves as a vehicle for passing the 
vanadium from the anode to the cathode. 
Having thus explained the theory of his process, 
the author describes its application in practice. 
In addition to the production of vanadium, the 
process is applicable for producing alloys with 
metals such as copper, aluminium, and manganese. 
It is only necessary to replace the cathodic bath 
of iron by a bath of the metal to be represented in 
the alloy.—Gustave Gin, Proc. Cong. Int. 
de Chem., Sec. X., Berlin, June, 1903. 


Our of the different items the loss by friction 
in electrical machines is made up of, only the one 
corresponding to brush-fric- 


Separating the tion has so far been ade- 





ses by Friction i 
quately dealt with. The 
SS air- and bearing-friction, on 


the other hand, are, as a 
rule, considered jointly, assuming the former to be 
only a few per cent. of the aggregate friction. 
This hypothesis, however, as pointed out by the 
author, is generally far from being true, especially 
with modern machines, designed with a view to 
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obtaining good ventilating effects. The author, 
accordingly, describes some methods of separating 
both frictions. As the effect of bearing-friction is 
inversely proportional to the temperature of the 
bearings, whereas that of air-friction is, of course, 
independent of that temperature, the total loss 
by friction, deducting the item due to brush- 
friction, may be presented by'an equation of the 
form— 
Cc 
Rr y= a+ ?" 
Both constants are easily determined by com- 
bining a series of observations and either solving 
systems of two equations each. or drawing the 
straight line represented by the equation. A 
simpler method is based on the hypothesis that the 
resistance of air is proportional to the square of 
the speed, the coefficient of friction being pro- 
portional to the square root of the latter. Both 
methods may be used jointly, so as to check one 
another.—Dr. L. Finzi, Z/ektrot. Zeitschr. 
XXIV., No. 28, July oth, pp. §36-537-—A. G. 


IT is frequently said in comparing static machines 
with coils for exciting X-light tubes that the defect 
of the coil is the break, which 


See oe makes the light unsteady. Those 
rt of the who make this. criticism forget 
nduction that a break is not an essential 


Coil. part of an induction coil. One 
reason why I advocated coils of high potential for 
exciting X-light tubes was that such coils did not 
need a break, for by using an alternating current in 
the primary it was practicable to develop sufficient 
potential in the secondary to excite an X-light, 
even though it had a low resistance. I believe 
Spottiswoode was the first to prove that a coil 
could be operated in this way for vacuum tube 
work. In 1879 he showed that a twenty-inch 
coil could be employed with an alternating current 
from a De Meritens dynamo in the primary. The 
spark from the secondary was 7 ins. long, the 
size of a cedar lead pencil, extremely steady 
and suitable for spectrum work without a condenser 
in the secondary.—W. Rollins, Zc. Rev. 
(N.Y.), Vol. XLII, No. 26, p. 917. 


WATER AND SANITARY. 


THERE is ample information available for the 
construction and management of resolving tanks, 
and this part of the bacterial 

The Scott- process is removed from the 
| Aaeeeee debatable region of experi- 
Treatment. ment. On the question of 
aérobic filtration, the author 

maintains that, wherever the percentage of oxidised 
to unoxidised nitrogen in an effluent is as high as 
the water of the Thames above the in-take of the 
water companies, it is safe to ignore other con- 
ditions ; and that where such a ratio exists, other 
substances may be safely disregarded. In order 
to successfully design bacterial plant for the purifi- 
cation of any particular sewage it is necessary to 
know the best period during which anaérobic 
fermentation should be carried on, as upon this 
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information alone can the proper dimensions of 
the tanks be stated with confidence. The quantity 
of air must be known, that is necessary for oxidis- 
ing organic matter. _When the proper period of 
anaérobic fermentation and the proper quantity of 
air have been ascertained, it is necessary to know 
the proper depth of filter ; the optimum quantity 
of liquid for each discharge must beascertained ; and 
the: proper period of rest between each discharge 
must be found by actual experiment. The object 
of this paper is to show how a knowledge of these 
factors can be ascertained, and the author refers to 
the air factor as one that is usually disregarded and 
left to the chapter of accidents. He afterwards 
deals with the case of an engineer who is called 
upon to design nitrifying filters for a particular 
sewage, and describes the testing apparatus and 
the manner in which it is to be ate so that the 
plant can be designed with an absolute certainty 
of results corresponding to those obtained from 
the test apparatus.—W. D. Scott=-Moncrieff, 
Proc. Incorp. Assoc. Mun. and Cty. Eng., 1903. 


WORKS MANAGEMENT. 


AT the December meeting in 1902, the writer 
presented a paper entitled ‘‘ A Bonus System of 
Rewarding Labour,” in which 
was given an account of the 
results gotten under that 
system at the works of the 
Bethlehem Steel Company, and a description of 
the method employed. The paper dealt particu- 
larly with the method of setting a task and the 
reward for its accomplishment. It consisted 
briefly in setting as a task for a day’s work the 
amount that a good man could reasonably be 
expected to accomplish, and paying the man a 
substantial amount in addition to his day’s wages 
if the whole task was done. If less was done he 
simply got his day’s wages. The result of this 
system, when the task was set in an intelligent 
manner and accompanied by a suitable compensa- 
tion, was an efficiency of operation so far beyond 
that obtained by the ordinary day or piecework 
method that it attracted a great deal of attention. 
The routine operation of the system, which 
involves keeping an exact daily record of the work 
done, was not, however, so clearly explained, and 
it is to that subject that this paper is devoted. — 
H. L. Gantt, 7rans. Am. Soc. Mech. Eng., 
Vol. XXIV., June 1903. 


Graphical Daily 
Balance in 
Manufacture. 


A STORES LEDGER implies the organisation of 
a stores department and the arrangement of stores 
in such fashion as to prevent waste 
er theft. There are three general 
schemes for keeping stores ledgers, 
z.e. book ledgers, loose-leaf ledgers, and card 
ledgers. Controversy over the relative merits of 
the three systems is principally between the book 
ledger and the card ledger, as the loose-leaf device 
contains most of the defects of the book, and almost 
none of the advantages of the card system. The 
book limits the space allotted to any item, whether 
the allotment is large or small. It fills up un- 
evenly ; stocks to which small space was allotted 


The Stores 
Ledger. 
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suddenly demand large space, and 
cause confusion. The entire book 
becomes so full as to necessitate 
starting a new one, and then all the 
work of laying out ‘the scheme must 
be doneover again. The pages arch 
near the point where they enter the 
binding, making it hard to post 
neatly and accurately. The sole ad- 
vantage which the loose-leaf ledger 
has is that it is perpetual. New leaves 
can be added and old ones taken 
out ; but the loose-leaf idea has dis- 
advantages of its-own. To secure economy of 
space, these books are allowed to grow very 
thick ; they therefore grow clumsy and the speed 
of posting in them decreases. The card system 
affords a means of simple and rapid classification 
of material in laying out the original scheme. 
The space allotted to each item is very small till 
larger space is needed, and yet it is always large 
enough, for new cards may be inserted and filled 
cards may be removed instantly whenever occasion 
arises. At the same time, it is easier work and 
faster to post on cards than in a book. The form 
of a card reproduced in the figure is suggested as 
being a good one.—F, B. Johnson, 4mer. 
Machst. Vol. XXVI., No. 25, July 4, 1903, pp. 
884-885. 
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MISCELLANEOUS. 


As the above trial station last year concluded 
its activity the author gives a résumé of the work 
p se in connection with pro- 

Scientific Results blems of universal interest. 
pA AL me The paper is divided into 
Trial Station. four parts, the first of which 
deals with some experiments 

on an ammonia-compression refrigerating machine, 
the results being of especial interest, as they 
represent the highest relative output so far ob- 
tained in connection with refrigerating machines. 
The efficiency shows maximum values at about 
—5 degs. Cent., a fact of great importance for 
practical applications, as most refrigerating devices 
are used at similar temperatures. Superheat is 
found to exert an influence the more favourable, 
as the departures from the theoretic cycle are more 
considerable. The second part of the article con- 
tains some remarks on the theory of carbonic acid 
machines which fully elucidate their conditions of 
working. Some experiments on nitrogen mon- 
oxide are recorded in the third part, it being 
shown that, on account of its physical properties, 
this compound is more advantageous than carbonic 
acid for use in refrigerating machines. The 
manufacture and fractionated evaporation of liquid 
air is discussed in the fourth chapter, special 
mention being made of the author’s own method, 
which enables the least coercible gases, excepting 
helium, to be liquified. The only practical appli- 
cation capable of some development seems, how- 
ever, to be the extraction of oxygen and hydrogen 
by fractionated evaportion of liquid air ; a process 
recently designed allows of any amount of atmo- 
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spheric air being decomposed into practically pure 
nitrogen and oxygen. The methods of fixing 
atmospheric nitrogen, as lately suggested (see Abs- 
tract of Rasch’s paper, p. 178), impart a special 
importance to these processes.—C. Linde, 
Zeitschr. Vers. Deutsch. Ing., XLVII., No. 30, 
Tuly 25, 190}, pp. 1071-76.—A. .G. 


DuRING the past few years extraordinary pro- 
gress has been made in the production of power 
from towns’ refuse. ‘The value of 
os the heat derived from combustion 
varies between the limits of one- 
fourth and one-twelfth, with an average of one- 
seventh that of good coal. This production of 
power has been achieved by the erection of des- 
tructors on more scientific lines, and with fuller 
knowledge of the capabilities of air and steam 
blasts, and of the calorific value of towns’ refuse. 
Steam jets, air blasts, and fans have been brought 
into use to hasten the combustion, and thus to 
increase the temperature. The steam raised is 
variously used, whilst amongst the methods of 
utilising the clinker may be mentioned the making 
of mortar, flags, bricks and concrete, also material 
for sewage and filtration, and underbedding for 
roads and tramways. A scheme has recently been 
laid out for the disposal of refuse by converting it 
into fuel-gas to be used in specially arranged gas- 
engines, for the economical generation of power. 
—J. B. Massey, Proc. Assoc. Cleans. Supts. 
of Gt. Brit., Bristol Conference, June, 1903. 


THE author discusses, by the aid of heat dia- 
grams, the problem of recovering mechanical 
work from the heat of com- 

Fuel and Power. , bustion according to physical 
conditions, in the case of the 

more important heat engines, and proceeds to a 
consideration of the centralisation of the utilisa- 
tion of fuel for power, heat and lighting purposes, 
a utilisation in the form of centralised gasification 
of the fuel within generators and subsequent dis- 
tribution through gas conduits embodying the 
most perfect solution of the problem. It would 
be necessary, in the case of such power trans- 
mission plants, to obtain a most high-grade gas 
and to be able to convey the latter both under 
high and low pressures to distant points and 
through the distribution-net.—C, V. Linde, 
Paper read before the Congress of ‘the Verein 
Deutscher Ingenieure, June, July, 1903.—A: G. 
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This supplement is set apart for the discussion of matters relating to Works 
Management, Tools, the Machine Shop, Foundry, Pattern Room, and General 


Practice, both Mechanical and Electrical. It is of prime 


interest to Works 


Managers, Foremen, etc, from whom contributions, which are paid for, are 
cordially invited. In addition an award of One Guinea is made for what, in 
the opinion of the Editor, is the best contribution of the month. 





Automatic Switch for Organ Motor 
Controllers on 500-volt circuits. 


ONE of the difficulties met with in con- 
trollers for Organ Motors on 500-volt circuits, 
is to prevent the destructive arcing which 
takes place at the last stop when the circuit 
is broken. Quick break switches, with carbon 
contacts connected to the last stop, have 
been tried, but as they make and break 
several times a minute, if the 
organist stops playing, or plays 
softly, the carbon blocks soon 
want renewing. Neither is there 
much gain in current saved, for 
the circuit is no sooner broken 
than it is made again. Some 
controllers do not cut off at all, 
but are made of such a resistance 
that the current is reduced below 
the amount required to turn the 
motor. This way is wasteful, 
for the current taken when the 
motor stops differs little from 
the current taken when the 
motor turns slowly. By refer- 
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motor stops and the bellows begin to gradu- 
ally empty themselves, until stop 12, or any 
other determined point, is reached, when the 
movable arm E is tilted back by the rod G, 
fixed to the sliding contact F, and the circuit 
is again made. The circuit may of course 
be broken between any two stops, say 7 and 
8, but it is well not to take them too far 
back on account of the increased current at 
starting again. The switch B consists of 
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ence to the diagram, the working 





of this automatic switch is easily | | 





understood. When the bellows —+ 
are empty, the sliding contact F 
on the controller is on stop 1, 
and all resistance cut out. The 
motor is started by switch 5S, 
which also controls the shunt 
current of the motor. As the 
bellows fill, the sliding contact F 
is moved round towards stop 15 
by the action of weight W. 
Directly stop 14 is passed the 
current flows through coil 4, 
andsucking in the core attached 
to the movable arm £ breaks 
the circuit between stops 11 and 
12 by means of switch B. The 
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Workshop Practice. 


dipping arm £ and cup. The cup is half 

filled with mercury, water and oil and practi- 

cally no arcing takes place when the circuit 

is broken or made. R. C. H. 
a> 


Refacing Cylinder 
of Steam Engine. 


The valve face on the cylinder of a 
steam engine usually wears hollow, and in 
refacing it is always advisable to cut 
clearance both top and bottom. To do 
this on a double-cylinder engine where 
the two valves work in one steam chest 
between the cylinders is always a difficult 
matter, but by using the following simple 
arrangement the difficulty disappears :— 
Fig. 1 is a block of iron about 2 ins. by 
1} in., shaped down its length as shown 
in section to form a guide for chisel 
bar. The bar, Fig. 2, has the end 
drawn down parallel so as to easily fit 
shaped part of guide block, the cutting 
edges formed as a round nose, project- 
ing the depth of clearance required (in 
sketch } in.). The guide block is fixed 
in corner to be cut out by four stretcher 
bolts, as shown in the illustration, Fig. 3, 
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and the chisel driven through by hammer 
blows, and as the guide supports the 
chisel on all sides a very satisfactory 


clearance groove may be cut. C. A. 


> 


Cutting Worm-wheels on a 
Horizontal Boring Machine. 


The illustration shows how we cut some 
brass worm-wheels 14 in. diameter, 1}-in. 
circular pitch on a horizontal boring 
machine, not having a worm-wheel cutting 
machine nor milling machine suitable for 
the job. When finished they answered 
our purpose admirably, though, doubtless, 
they were not quite so accurate as those 
hobbed out on a worm-wheel cutting 
machine. The blanks were first bored 
and turned, and then a line accurately 
marked across the rim indicating the 
tooth centre. This served as a guide to 
set the indexing point to whilst bolted to 
the angle-plate for cutting. The angle- 
plate was bolted down to the machine 
table, as shown, at a suitable angle for 
pitch of worm; the wheel blank was 
fastened to the angle-plate by the stud 
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is to prevent the destructive arcing which 
takes place at the last stop when the circuit 
is broken. Quick break switches, with carbon 
contacts connected to the last stop, have 
been tried, but as they make and break 
several times a minute, if the 
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softly, the carbon blocks soon 
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and all resistance cut out. The 
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which also controls the shunt 
current of the motor. As the 
bellows fill, the sliding contact F 
is moved round towards stop 15 
by the action of weight W. 
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current flows through coil 4, 
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to the movable arm £ breaks 
the circuit between stops 11 and 
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Workshop Practice. 


dipping arm £ and cup. The cup is half 

filled with mercury, water and oil and practi- 

cally no arcing takes place when the circuit 

is broken or made. R.. ©... 
> 


Refacing Cylinder 
of Steam Engine. 


The valve face on the cylinder of a 
steam engine usually wears hollow, and in 
refacing it is always advisable to cut 
clearance both top and bottom. To do 
this on a double-cylinder engine where 
the two valves work in one steam chest 
between the cylinders is always a difficult 
matter, but by using the following simple 
arrangement the difficulty disappears :— 
Fig. 1 is a block of iron about 2 ins. by 
1} in., shaped down its length as shown 
in section to form a guide for chisel 
bar. The bar, Fig. 2, has the end 
drawn down parallel so as to easily fit 
shaped part of guide block, the cutting 
edges formed as a.round nose, project- 
ing the depth of clearance required (in 
sketch } in.). Thé guide block is fixed 
in corner to be cut out by four stretcher 
bolts, as shown in the illustration, Fig. 3, 
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and the chisel driven through by hammer 
blows, and as the guide supports the 
chisel on all sides a very satisfactory 


clearance groove may be cut. C. A. 
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Cutting Worm-wheels on a 
Horizontal Boring Machine. 


The illustration shows how we cut some 
brass worm-wheels 14 in. diameter, 1}-in. 
circular pitch on a_ horizontal boring 
machine, not having a worm-wheel cutting 
machine nor milling machine suitable for 
the job. When finished they answered 
our purpose admirably, though, doubtless, 
they were not quite so accurate as those 
hobbed out on a worm-wheel cutting 
machine. The blanks were first bored 
and turned, and then a line accurately 
marked across the rim indicating the 
tooth centre. This served as a guide to 
set the indexing point to whilst bolted to 
the angle-plate for cutting. The angle- 
plate was bolted down to the machine 
table, as shown, at a suitable angle for 
pitch of worm; the wheel blank was 
fastened to the angle-plate by the stud 
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CUTTING WORM-WHEELS, 


and washer, the stud being first fastened 
to the angle-plate by a nut on the back. 
The wheel was then put on the large 
shoulder of the stud, which was made a 
sliding fit to the bore of the wheel, and 
fastened by a nut and large turned washer 
as shown (the nuts not shown). Before 
being nipped up tight the greatest care was 
taken to see that the centre lines of teeth 
were set exactly to the index point, which 
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was fastened to the table by a small bolt. 
The cutter was set exactly central over the 
wheel blank, and fastened on the spindle 
by turned bushes on each side for steady- 
ing purposes. When the spindle was 
started the table was gently fed up by 
hand to the proper depth of cut, where it 
was stopped by a bolt nipped up in the 
T-slot of the vertical slide. It was then 
lowered and the stud which holds the 
wheel slacked, and the wheel turned round 
one tooth until completed. Altogether 
twelve wheels were cut in this manner 
without a waster, and they are all working 
satisfactorily, and represent a creditable 
job done with an apparently unsuitable 
tool. Je ie 


[As the cutting of worm-wheels is a 
somewhat difficult job without the proper 
equipment, we may point out, for the 
benefit of our readers, that a similarly 
ingenious device appeared in our issue 
of April, 1901, applied on a different 
machine, and we think with a better 
dividing arrangement.— Ep. ] 


a a) 


Boring Bar with 
Adjustable Cutters. 


The accompanying sketches show a 
boring bar with adjustable single-ended 
cutters which we have had in use for 
some time, both in lathe centres and 
horizontal boring-machines; it has well 
proved its worth, as very minute adjust- 
ments can be made with the cutters for 
finishing holes accurately to size without 
the uncertain and unsatisfactory method 
of knocking them with a hammer. Fig. 1 
shows the bar complete with cutters in 
position. A hole is drilled through the 
bar to receive the cutters (which are made 
of round stock, screwed the greater part 
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Workshop Practice. 


of their length, as shown at 4) ; this hole 
is recessed on one end large enough to 
allow a lock-nut, which screws on the 
cutters, to fit in. This lock-nut is used 
for adjusting the cutters, with two pin- 
holes drilled in the face, shown at B. 
Fig. 2 shows the adjusting key. The 
cutters have a flat, filed on one side to 
the bottom of the thread, against which 
the round taper wedge C fastens the cutter 
in position, it being driven through the 
bar in a hole drilled at right angles to the 
cutter hole. The cutters are very rigid 
when working; the adjusting nut, being 
well up to the cutting-point, supports it 
and allows heavy cuts to be taken ; whilst 
the adjustment of the finishing cutter can 
be made with almost micrometral precision. 
J. D. 


Swage Block. 
The following is a simple method of 


_making wrought-iron handles, as shown in 
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Fig.'1, especially when a large quantity 
are required. Two blocks are made as 
shown in Fig. 2, according to the size of 
the handles. The material of which the 
handles are made is then cut up into the 
required lengths, and bent to the shape 
shown in Fig. 3. They should fit exactly 
into the blocks, with the allowance for 
making the projecting palms. The palms 
are then put on by heating the ends to 
a white heat, placing in the blocks and 
hammering down, using a “flatter” to 
smooth. The cotter is used to keep the 
spigot block from jumping out whilst 
putting the palms on. A little practice 
will enable one to cut the material so that 
nothing will need to be cut off after the 
swaging is finished. Isaac Poors. 


Pee) 
Pipe Clips. 


Figs. 1, 2, 3, 4, show the device and 
method of procedure for making small 
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clips; Fig. 1 from sheet brass, such as 
would be required in fixing the lubricating 
pipes-on small engines. A hole slightly 
larger than the outside of the pipe, plus 
twice the thickness of sheet-brass to be 
used for the clips, is drilled tangent to the 
edge of a piece of wrought-iron as at 
Fig. 2. The metal is then shaped away 
to the full line, leaving a portion of the 
hole as a die, into which the sheet-brass 
is forced either by pressure or blows on 
a piece of round steel placed behind it. - 
F. G. H. 


= 
Fixing Grindstones. 


The following method of setting up 
grindstones may be new to some of your 
readers, and is the method adopted in a 
large engineering works in which there are 
a considerable number of grindstones. It 
has the advantage of being very easily put 
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in and adjusted, and when fixed holds the 
stone securely, giving a positive drive. 
The stones as they arrive in the shop 
are about 7 ft. in diameter by 6 ins. 
thick, and have a round hole in centre 
3 ins. in diameter. Into this hole a 
wooden bushing is fitted, made of beech, 
the outside diameter being a tight fit 
for the hole in the stone at the centre, 
but rounded over to the ends which are 
4 in. less in diameter. The hole for the 
spindle is 2} ins. in diameter and a nice 
fit for same. The reason why the bush 
is rounded on the outside in this manner 
is that the holes in the stones are often 
not square with the sides, and this allows 
the stones to be trued up without trouble. 
The spindle is fixed to the stone by 
means of two large plate washers, which 
are tightened by means of the nut on 
spindle. The washer next to collar is 
fixed to the spindle by a feather key, and 
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Workshop Practice. 


has a pin fixed into it to give a positive 
drive to the stone. To put in place, 
the washer next to collar and the bushing 
are placed on spindle and passed through 
the stone, the other plate put on, and the 
nut screwed up. The stone is next lifted 
into place, and turned by hand to see 


if running true ; if not, the nut is slightly © 


slacked, and some small wooden wedges 
inserted between the washer and the 
stone to throw it over. This is done till 
the stone runs true, when any open 
places between the stone and the washers 
are filled with wedges and the nut 
screwed up, and the wedges dressed off. 
Where the stone is very uneven wooden 
washers may be used with the plate 
washers to give a better grip. The face 
of the stone is then trued up with a 
grindstone dresser. W. Burns. 


ae) 


Oil Ring. 


Now that high-speed engines have come 
to stay, great difficulty is often experienced 
in keeping the oil from travelling from the 
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bearings along the crank-shaft to the rim 
of the fly-wheel, doing great damage to the 
belt, ‘and throwing the oil over the engine- 
room, much to the disgust of the atten- 
dant. A brass or cast-iron ring, made in 
halves, bored to fit the shaft, having a 
cavity to receive the oil facing the bear- 
ing, and a small flush-headed screw, will 
allow the oil to be easily removed. 
T. M. 
a) 


A Sliding Stay. 


We had a jobbing order of 24 rods 
to be screw-cut the full length up to 1 in. 
from one end. They were too long 
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A SLIDING STAY. 














to be cut without stay, and had to be cut 
so near to the driver that our ordinary 
stays were clumsy and useless. The man 
who had the job went to the smithy and 
got a bar of 1-in. by }-in. iron bent as 
shown in the sketch. A tapped hole, an 
iron plate, and a hard-wood step did 
the rest. It acted beautifully, and as 
a handy stay for long shafts of small 
diameter I think it cannot be beaten. 
J. H. 























Dimensions of Gusset Plates. 


Can any of your readers oblige me by 
telling me the usual or best way to calculate 
the necessary dimensions of the gusset 
plates connecting the various bars in a 
lattice girder, say, or in any framed structure 
where pin joints are not used? ECITTAL. 


REPLY TO “ECITTAL.” 


It is not invariably necessary to use 
gusset or joint plates in a latticed girder, for, 
as shown in sketch, the diagonals may 
sometimes be simply riveted to the top 
flange. Everything depends upon the char- 
acter and intensity of the stress. This 
must be calculated with due regard to dead 
and live loads by the usual method,* for 
each diagonal and each system of triangu- 
lation must be considered separately. Know- 
ing the maximum stress, it is easy to calculate 
the rivet area required for connection of the 
struts and ties with the flanges, dividing 
the calculated stress by the allowable 
stress per square inch of rivet area. Thus, 
if the stress were 4°4 tons, and the allowable 
unit stress were taken at 2 tons, the rivet area 
would be 2°2 sq. ins: Hence, supposing 
?-in. rivets were used, 2°2+-0'4=5, which is 
the required number of rivets. The necessary 
pte = these rivets may be provided by the 
width of metal in the metal forming part of 
the flanges, and that in the diagonals ; if not 
sufficient, a joint plate must be used, giving 
such space that the rivet pitch may be in 
accordance with the theory of riveted joints, 


*See “The Design of Structures,” by S. Anglin. 
Griffin & Co. 
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and the plate must be of the thickness 
prescribed by the same theory.t 14 
W. N. T. 
a) 


REPLY TO Q.E. F. Page 353, Vol. 8. 
Taking the figures in the question as being 
correct, we get 300 amp. Xx 210 volts = 
63,000 watts + 746 = 84°45 h.p. Assuming 
that the combined engine and dynamo effi- 
ciency is 74 per cent., the coal consumption 
must be calculated on 114 hp. A non- 
condensing engine with go lbs. steam will 
consume 22 lbs. of steam per h.p. per hour. 
Therefore, 22 lbs. xX 114 h.p. x Io hrs. = 
25,080 Ibs. of steam per to hrs., and as a 
good Lancashire boiler, working under or- 
dinary conditions, with feed water at 80 degs. 
Fahr., will evaporate 8°84 lbs. of water per 
Ib. of coal, therefore 25,080-- 8°84 = 2,837 Ibs. 
= 1°26 tons of coal per 10-hour day. 
E. M. C. 


t See ** Structural Iron and Steel,” by W. N. Twelvetrees. 
Whittaker & Co. 
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